The catalytic reduction of n-nitro and n-nitroso compounds, Part A. The reaction of grignard reagents with tetrazenes, Part B by Briggs, Richard Maurice
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1960
The catalytic reduction of n-nitro
and n-nitroso compounds, Part A.
The reaction of grignard reagents
with tetrazenes, Part B
https://hdl.handle.net/2144/20515
Boston University
EOSTON UNIVERSITX 
GRADUATE SCHOOL 
Dissertation 
Part A 
T E CATALYTIC REDUCTION OF N-NITRO AND N-NITROSO COMPOUNDE 
Part B 
THE REACTION OF GRIGNARD REAGENTS WITH TETRAZENES 
by 
Richard. Maurice Briggs 
.s., Bates College, 1949; A.M., Boston University, 1952 
Submitted. in partial fulfillment of th& 
requirements for the degree of 
Doctor of Philosophy 
1960 
First Reader 
Approved 
by. 
lJhD 
• 
\ '1 ~0 
b"<" 
;"~ ~ /: ~/ '/ .. /. ~!,-J-:v'l.d-.c:4t' ~~~~~-'\..-· . . . . -~· . . . . . . . . . . Professor of Chemi~try 
Second Reader 
ACKNOWLEDGMENTS 
The author wishes to express his gratitude 
· o Professor J Philip Mason for suggesting the l . 
·opic of this research, for his constant guidance 
~ . 
· d unfailing interest and, especially, for his 
'emarkable patience and forbearance. The author 
I 
! 
so thanks Dr .. Walter Gensler for his help with 
manuscript, and the Department of Chemistry 
f Boston University for providing the fine labo-
!l 
· atory and equipment which made the study possible. 
TABLE OF CONTENTS 
Part A 
T E CATALYTIC REDUCTION OF N-NITRO AND N-NITROSO COMPOUNDS 
I INTRODUCTION 
l 
II A SURVEY OF THE ·PERTINENT LITERATURE 
6 
A. Preparation of.Hydrazine 
and of Substituted Hydrazines 6 
l. Reaction of Chloramine with 
.Ammonia or Amines 
2. Oxidation of Urea or Substituted 
Ureas by Alkali Hypochlorite 
Solutions 8 
3. Preparative Methods Involving the 
Reduction of Nitrogenous Compounds 9 
4,. Preparation of Substituted Hydra-
zines by AlkYlation or Arylation 
of Hydrazine l4 
5. Preparation of Substituted Hydra-
zines by Alkylation of Hydrazine 
Derivatives l5 
6. Preparation of Substituted Hydra-
zines by Use of Azodicarboxylic l7 Ester 
7. Preparation of Substituted Hydra-
zines by Hydrolysis of Azo Compounds l8 
8. Preparation of Substituted Hydra-
zines by Reduction or Rearrangement 
of Triazenes l9 
B. Catalytic Reduction of the Nitro and 
Nitroso Groups l9 
c. Iodometric Determination of Hydrazine 
and of Monosubstituted Hydrazines 23 
II EXPERIMENTAL DATA 25 
A. Reduction Apparatus 25 
B. Preperation of Compounds 29 
1. Carbamates 29 
2. Nitro carbama tes 30 
3. Nitrosocarbamates 30 
c. Purification of the Solvents Used 
in the Reductions 31 
D. Catalysts Used in this Research 33 
E. Reductions of the Compounds Investigated 33 
1. .Ethyl N-Nitrocarbamate 36 
2. Ethyl N-Nitro-N-methylcarbamate 37 
3. Isopropyl N-Nitro-N-
~isopropylcarbamate 46 
4. Ethyl N-Nitro-N-benzylcarbamate 47 
5. Ethyl N~Nitroso-N-methylcarbamate 49 
6. Methylni tramine 51 
7. Cyclohexylnitra;mine 55 
8. Benzylni tramine 58 
9. Ethelyene-bis-nitramine 59 
10. Methylammonium Salt of 
Methylni tramine 61 
11. Isopropylammonium Salt of 
Methylnitrarnine 62 
12. N-Nitrodimethylemine 63 
13. N-Nitrodiethylamine 65 
14. Dicyclohexylnitramine 66 
15. N-NitrQffiorpholine . 67 
I 
IV 
I: 
li 
:I 
I 
16. Hexahydro-1,3,5-trinitro-s-triazine 68 
17. N'.,-Nitrosodimethylarnine 71 
18. N-Nitrosodiethylamine 73 
19. N-Nitrosomorpholine 74 
20~ N,N 1-Dinitro-N,N 1 -
-diacetylethylenediamine 75 
21~ N,N 1-Dinitro-N,N'-
-dime~hyloxamide 78 
F. Attempts to Promote Reduction by 
Addition of Various Substances 79 
l. Influence of Purified Pigskin 
Gelatin on the Reduction of 
Methylnitrami!ie 80 
2 .. Influence of \Ethylenedinitrilo)tetra-
acetic Acid on the Reduction of 
Methylnitramine 81 
3. Influence of Purified Pigskin 
Gelatin and (Ethylenedinitrilo)tetra-
acetic Acid on the Reduction of 
:Methylni tramine 82 
4. Influence of Glycerol on the 
Reduction of lliethylni tramine 83 
5. Influence of Dextrose on the 
Reduction of Methylnitrsmine 84 
6. Influence of Trace Amounts of 
Inorganic Ions on the Reduction 
of Ivlethylnitramine 
INFLUENCES OF THE VARIABLES INVESTIGATED 
A. Solvent 
1~ Absolute Ethe~ol 
2.- 95% Ethanol 
3. Purified Isoamyl Alcohol 
4.. Dis tilled W~_ter 
86 
88 
88 
91 
94 
100 
102 
v 
5. Glacial 'Acetic Acid 
6. Purified Ethyl Acetate 
7. Purified Pyridine 
8. Purified Quinoline 
B. Acid~ty of the Mediurn 
C. Nature of the Substrate 
1. N-Ni trocarbamates 
2. N..:..Ni tro socar'bama tes 
3. Primary Nitramines 
4 .. Amine Salts of Nitramines 
5., Secondary Ni tramines 
6. Secondary Nitrosoa.rnines 
7. Nitramides 
D. Cataiysts 
E. Temperature 
F. Variations in the Length of Time 
Required for Reduction 
REDUCTION OF SPECIFIC SUBSTRATES 
103 
105 
106 
107 
107 
112 
112 
112 
113 
113 
113 
114 
114 
114 
116 
117 
120 
A. Ethyl N-:Ni tro carbamate 120 
B. Ethyl N-Nitro-N-methylcarbamate 120 
C .. Isopropyl N~Ni tro-N-isopropylcarbamate 120 
p. Ethyl N-Nitro-N-benzylcarba~ate 121 
E. Ethyl N-Ni troso-N-methylcarba"!late 121 
F .. Methy1nitramine 122 
G. Cyclohexylnitramine 122 
Hv Benzylnitramine 122 
I 
! 
VI 
VII 
III 
I. Ethylene~bis-nitramine l23 
J. Methylammonium Salt of Methylni tramine l23 
K. Isopropylammonium Salt of 
Methylni trsmine l23 
L. N-Nitrodimethylamine l23 
Ma N-Nitrodiethylamine l24 
N. Dicyclohexylnitramine l24 
0. N-Nitromorpholine l24 
P. Hexehydro-l,3,5-trinitro-s-triazine l24 
~. N-Nitrosodimethylamine l25 
R .. N-Ni tro so diethylamine l25 
S. N-Nitrosomorpholine l25 
T. N,N 1-Dinitro-N,N 1 -diacetylethylene-
diamine l25 
U. N,N 1-Dinitro-N;N 1-dimethyloxamide l25 
SUMMARY 
APPENDIX !, Selected References to the Use 
of Hydrazine and its Derivatives as 
Rocket Fuels 
APPENDIX II, Chemical Reduction of Hexahydro-
-l,3,5-trinitro.,..s-triazine 
l26 
l33 
l34 
IX BIBLIOGRAPHY 

Table XIX 
Table XX 
I 
I 
! 
XXI 
XXII 
Glacial Acetic Acid 
Purified Ethyl. Acetate 
Purified Pyridine 
Purified Quinoline 
Influence.of Acidity 
104 
105 
106 
107 
109 
' 
' 
Part A 
THE CATALYTIC REDUCTION OF -N~NITRO 
, AND N-NITROSO COMPOUNDS 
I 
'II INTRODUCTION 
I 
ij 
I In recent years there has been a great deal of in-
1 
,\terest in hydrazine and in substituted hydrazines, not only 
'I 
recause of the numerous present uses of these compounds, 
jbut also because of their potential uses if they were to 
:I 
;jbecome available at a sufficiently low co st. For example, 
1
1the condens.ation products of hydrazine with dicarbo:x:ylic 
~lacids, using a ratio of two moles of hydrazine to one of 
ithe acid, are polymeric materials which somewhat resemble 
Nylon1 and which might be of value in the textile industry 
! 
:if the large scale preparation were economically fe;:~.sible, 
~hile hydrazine itself, or hydrazine mixed with low molecu-
i\lar weight alklyhydrazines to lower the freezing point, has 
I 
;i 
I 
, l H. Bates, -J. W. Fisher and E .. w. 'Wheatley (.t'J 
~Celanese Corp. of .America), U.S. Patent 2,512,599 (June 27, 
1950); J. W. Fisher and E. W. Wheatley (to Celanese Corp. 
of America), U. S. Patent 2, 476,968 (July 26, 1949 ); 
:F. G. Kleinschrod and J. w. Fisher (to British Celanese, 
Ltd.), Brit. Patent 682,399 (Nov. 12, 1952); Wm. W. Pritchard· 
to E. I. duPont de Nemours & Co.), U. S. Patent 2,395,642 
~(Feb. 26, 1946); R. w. Moncrief (to Celanese Corp. of Amer-
~ca), U. S. Patent 2,512,667 (June 27, 1950). 
: 
1 
ser1ously considered as a rocket fuel1 • 
Although much work has been done on the synthes1s of 
ydrazine and of substituted hydrazines within the last few 
,:ears there have been no recent developments of new methods 
pr the prepe.ration of these compounds. The numerous uses 
~ . 
~ these materials both in the laboratory and on an indus-
:j 
;fial scale make the development of a convenient and pract1-
.!al general method for their preparation an attractive re-
I 
jearch project. 
:, 
:, 
! 
I 
I 
·Since there exists a convenient method for the pre-
laration of N-nitro compounds2 and since it is well known 
I 
~at nitro groups can be readily reduced to amino groups by 
1 
drogen in the presence of many finely divided meta1s3 , it 
i . 
:as felt that an investigation of the various factors in-
! 
I 
the preparation of hydrazine and various repre-
types of substituted hydrazines by reduction of 
and N-ni troso compounds should be undertaken. Very 
.J 1R. M. Stanley and R~ J. Sandstrom, Aeronaut. Eng .. 
'ev., 6, No. 8,22-6,72 (1947) .. See also Appendix I for a 
ore comprehensive list of references. 
2H~ M. Curry with J .. P. Mason, J. Am. Chern. Soc., 
5043 (1951). . -
1 3R. Adams, F. L .. Cohen and 0. w. Rees, J. Am. Chern. 
oc .. , 49, 1093 (1927); H. A. Doyal .and 0 .. W. ~rown,-J. Phys. 
;hem .. , 36, i549 ( 1932). 
2 
ittle was known about the catalytic reduction of these com~ 
ounds~ 
RAJHIIJOJ- + 5HJ._pt; ) /lAJHMH, f ).H~O 
~. ~,_NAIO:J.. + s II,_ P-t > R, R:J..I/PIIiJ..,. 2 H,_ o 
. pt 
fit, R~NN tJ + l Ul.. > R, A:a.. AI IV 1/"J.. ..,. 11:~. 0 
3 
nd expensive when the common method of synthesis is followefrl. 
>he formation of the azeotrope with water is especially trou-
1lesome when anhydrous hydrazine is desired and it seemed 
1ossible that the reduction of suitable intermediates in 
.jon-aqueous media might prove of value, since in this way 
of water present could be limited to that formed 
I 
;uring the reduction, and suitable choice of the reduction 
I 
.edium might facilitate the preparation of anhydrous hydra-
' 
ine. 
On the other hand, it ,·;as clear that such a reductive 
;rocedure would require the ~areful balancing of various 
t 
actors since the hydrazine molecule is fairly sensitive and 
I 
r 
I 
lL. F. Audrieth, Chern. Eng. News, 25, 2552-4 (1947). 
easily disrupted. It was known, for example, that Raney 
will catalyze the quantitative hydrogenolysis of the 
trogen-ni trogen beind1 •. · 
Ali. 
RNH2.. + #113 
7 lf1 R~AIH + PH3 
The present industrial method of manufacturing hydra-
involves the oxidation of ammonia with chlorine2 and is 
il Hl.. C.l -t:l!JH_s ) NH~AIH)...,. AJH'f C{ 
:1 t directly applicable to the preparation of substituted 
I . . . 
ydrazines although a recent modification3 of this process 
:I 
:~ y become industrially important. Although a number of hy-
4 
azine derivatives are commercially available at the present 
;~me, they are fairly expensive and there is no method of pre-
1 . . 
rrative value which is both of sufficiently general utility 
'I d inexpensive enough to make it .of great industrial interest. 
Of the many methods which have been investigated for 
hyd.razine arid of substituted hydrazines, 
which have been favored for the industrial processes 
lL. F. Audrieth and Wm. L. Jolly, ~ Phys9 and Colloid 
55, 524-31 (1951). 
2 L. F. Audrieth and B. A. Ogg, 11 The Ghemistry of Hydra-
John Wiley & Sons, New York, N.Y., 1951~ 
3ff. J. Smith andR. L. Johnson, Chern. Eng. News., 56, 
007 (1956). 
5 
a.ve, with few exceptions, been those which form the nitrogen-
itrogen bond between two fragments which are already in the 
roper oxidation states. to give the hydrazine as the direct 
end product. Although this would involve an extra 
~ep, it might be practical since the necessary bond between 
I 
I 
'(he two nitrogen atoms might be more readily formed in higher 
1 
1 p.elds. This, however., would leave the problem of finding 
'hitable reduction conditions sin~e the electrolytic reduc-· I . . . 
ton, such as is used in the preparation of semicarbazide, 
equlres a large amount of electrical energy and this greatly 
i 
increases the ultimate cost of the product. 
! 
. \ 
,, 
I A SURVEY OF THE PERTIWENT LITERATURE 
A. The preparation of Hydrazine 
and of Substituted Hydrazines 
Within the past few years there have appeared a num-
' 
of review articles and books in which the preparation 
l d properties of hydrazine and of substituted hydrazines 
: e discussed. 1 In addition to these, Wieland 1 s book2 con-
I 
~ins much that is of interest although it is, of course, 
:I 
:adly outdated in many respects. Although none of these 
I I . 
. eviews contain references to all the reactions Which have 
:1 . 
I 
1een employed for the preparation of simple substituted hy-
1 
; azines, the number and availability of such papers appears 
I 
:P justify a somewhat briefer treatment of the subject here 
'I 
~an would, perhaps, be otherwise necessary. Accordingly, 
I 
I 
comprehensive review of the methods which have been used 
the synthesis of such compounds will be given here but 
1 L. F. Auctrieth, Chern. Eng. News, 25, 2552 (1947); 
. F. Audrieth and P. H. Mohr, Ohern. Eng. NevJs, 26, 3746 
:1948); R. S. Law, Chern~ Products, 16, 135-ri953); 
·
1
• P. Thornton, Jr., Pretoleum Processing,. 8, 1540 ( 1953); 
.. Beduneau, Rev. prod. chim. 1 57, 89 end 178 (1954); 
• F. Audreith and B. A. Ogg, "The Chemistry of Hydrazine, 11 
. ohn Wiley & Sons,. New York, 1951; C. C. Clark, 11 Hydrazine, II 
] athieson Chemical Corporation, Baltimore, 1953; A. F. Graefe, 
,. M. Kohout, L. K. Moss end E. M. Wilson, liThe Lower 
liphatic Derivatives of Hydrazine, 11 Navy Depart!Jlent, 
.ffice of Naval Research, Washington, D. C., 1954. 
2H. Wielend, II Die Hyd.razine, 11 Ferdinand Enke, Stutt-
1913. 
6 
various methods will be discussed in a somewhat cursory 
anner v.ihen adequate reviews are available elsewhere. 
l. Reaction of Chloramine with Ammonia 
or Amines 
1 
The Raschig process,· at present the major process for 
I 
ommercial preparation of hydrazine, is based on Rachig 1 s 
! " ;, 
iscovery1 that ammonia mixed with chlorine or with alkali 
I 
ypochlori tes in dilute aqueous solution 7 in the presence of 
I 
~ue or certain other materials which increase the viscosity 
!I 
f the solution, gives chloramine which, in turn, combines 
I 
il J.A/11? + ll,_ ---7 UII:J..C.I-1- AlllqCI 
·I 
ammonia to give hydrazine. This process suffers 
AJHB- C/ ""~- 2UII~ ---4 11/H PH ~ .;1. ~ 
J 
~rom the disadvantage of low yields and considerable expense 
:1 . . 
·1n the steps which are needed for the concentration of the 
i\ 2 
roduct ·• · 
.! 
Substituted hydrazines may be prepared by mixing the 
lF. Raschig, Chem~-Ztg., 31, 926 (1907). 
1 
2L. F~ Audrieth and B. A. Ogg; 11 The Chemistry of 
'ydrazine, 11 John Wiley & Sons, Inc., New York, 1951. I . . 
I 
i 
' 
':hloram.ine with arnines1 · 
2. Oxidation of Urea or Substituted Ureas 
by Alkali Hypochlorite Solutions 
Another process Which is of present commercial im-
ortance is based on the oxidation of urea by alkali hypo-
1 
:hlorite solutions and is, in effect, an adaptation of the 
I 
' . 
'ofmann reaction2 . In this process the concentration of 
dilute hydrazine solutions formed presents a serious 
t- :lOH- ~ AIN:J...Atii:J... + {j)~-:. + (J,_-
+ 11~0 
roblem, especially if anhydrous hydrazine is desired. Sub-
tituted hydrazines may be prepared by substituting an 
lkylurea ip place of urea. The yields of hydrazine 
RAil/ COI/Hl.. + 8 rO- + J. 0 H-~ II JIIIJIJ./3... +COy:+ e,., 
-f 1;/:JO 
erivatives from ureas have been reported to be very poor3 • 
1L. F. Audrieth and L. H. Diamond, J. Am~ Chern. Soc., 
4869 (1954). •. 
2 - . . 
8 
A. W. von Hofmann, Ber., 14, 2725 (1881). See also 
• S~ Wallis and J. F. Lane:---nTheHofmann Reaction, II R. Adams, 
: ditor-in-Chief, If organic Reactions, 11 Vol. III, John Wiley & 
Inc., New York, 1946, p. 267. 
3 G. R. Elliot,-~ Chern. Soc., 123, 804 (1923). 
3~ Preparative Methods Involving the 
Reduction of Nitrogenous Compounds 
Probably more of the processes which have been used 
the preparation of hydrazine and substituted hydrazines 
9 
ould be classified as reductive processes than would reason-
bly fall ihto any other category. It is, for example, well 
nown1 that reduction of aromatic nitro or nitroso compounds 
nder many conditions gives rise to symmetrical disubstituted 
ydrazines either as intermediates during the reduction or as 
! 
he final products. 
Reduction of azo or diazo compounds may also give rise 
o hydrazines. One of the common preparative methods for 
any phenyl-substituted hydrazines is the reduction of the 
orresponding diazonium salt and this same process has been 
for the prepar~tion of phenylhydrazine2 • When the appro-
aniline compounds are available this is a favorite 
That the reduction of azo compounds may give rise 
has been Well established by the proof that 
r duction of nitrobenzene under common conditions passes 
I 
t ough the azobenzene stage; then hydrazobenzene is formed 
w th this finally being cleaved to aniline in the presence 
lswann in II Technique of Organic Chemistry, 11 Vol. II, 
I terscience Publishers, New York, l948, p. 143. 
2E. Fischer~ Ann., 190, 79 ( 1878); A. Reychler, Ber., 
2 ' 2463 (1887). 
f vigorous reducing agents. 
nitrobenzene 
i"IJ 
c, llr/.1:: AI~~ ll.r + :3'11~0 
· azoxybenzene 
1'0 
c,«rN AIG, llr + 3.. [It] ~ {,6 l-l.s-AI:::: A/C6 lis- + ~~~ o 
azoxybenzene · azo benzene 
c, llrltl = Jflv6 E1.r + 2[ uJ ~ C,llr-AII!AIU c, llr 
azobenzene hydrazobenzene 
(N,N 1-aiphenylhydrazine) 
c., ll.r II II: AIH (,6 ll.r -t 2, [II 1 :;.., c, lis- A/1/l-
hydrazobenzene aniline 
A considerable amount of work has also been done on 
, he reduction of various azines to hydrazo compounds. For 
., ' 
yxample, Pulvermacherl, as early as 1893, demonstrated that 
l 
10 
I formazine may be reduced to symmetrical dimethylhydrazine by 
i 
the action of sodium amalgam in ethanol although zinc and 
1
kcet.ic acid will cleave the molecule to give other products, 
I 
Rargely methylamine and ammonia$ 
I 
C.l/:1- ==A/-#-= C/f~ f lf A/4 + l(C~ ll.r dll 
---4 Clly A/II A/II C 11.1 f- '/ C,_ ll.rd Ak~ 
1 G. Pulvermacher,· Ber.) 26, 2360 ( 1893)., 
11 
It was also found by numerous workers that hydrazones 
nd closely related compounds such as phenylhydrazones and 
emioarb~zones may be reduced to hydrazines either with or 
I • 
ri thout previous isomerization to the azinel9 
Of all the reductive-processes which have been used 
or the preparation of hydrazine and substituted hydrazines 
I 
erhaps the most attractive is the reduction of N-nitro or 
.I 
-nitroso compounds. Although numerous examples of such 
eduotj.ons are known it has only been recently that they 
\ 
.eemed to be of value for large scale or industrial use 
I 
\nee methods of preparing the starting materials in high 
1 . ' ' 
.ield from readily available commercial materials have been 
nly recently developed2. A large number of reducing agents 
ave been examined and are reported in the literature although 
I . . . 
,he yields obtained, where reported, have been too low to be 
f much preparative value except in a very few special oases. 
n 1875, for example, Fischer3 attempted the reduction of 
ln. W. Neighbors, A. L. Foster, S. M. Clark, 
• E. Miller and J. R. Bailey, ~Am. Chern~ Soc., 44, 1557 
'1922). 
2H. M. Curry with J. P. Mason, J. Am. Chern. Soc., 73, 
:043 (1951). - ___.. 
3E. Fischer, Ber. 8, 1587 (1875). 
12 
I 
,N-dimethylnitrosamine, N,N-diethylnitrosamine and N-phenyl-
C.H3\-c l-1~\ 
/ 
11/A'O f(lZn + lJ lldllc. -7 / If! AI/I~ +-JZ~t (<J4c.J).. 
CIIJ . Cll~ +N~o 
~N-ethylnitrosamine with zinc and acetic acid. He did estab-
~ish that the corresponding hydrazines were formed although 
I 
i 
~he yields are not reported and the article is worded in 
I 
.:such a way that it sounds as if they were poor. In 1951 
I 
~riggs1investigated this reduction and found that the yield 
! 
:is no more than 6% unless temperature, concentration and rate 
:I 
'I 
of reaction are all carefully controlled. 
'I 
I For the compound N-phenyl-N-ethylnitrosamine Fischer2 
i 
ialso attempted reduction with tin and hydrochloric acid, zinc 
I 
I land acetic acid in ethanol and magnesium and acetic acid. In 
I 
inone of these cases was an appreciable amount of the hydrazine 
!obtained. 
Renouf3, in 1880, published the details of a success-
iful attempt to prepare asymmetrical dimethylhydrazine by the 
i 
:reduction of N,N-dimethylnitrosamine with zinc and acetic acid. 
·({.if->J-:-:_ !UNO -f J,Zn + IJI{tJll~-~7' (rll) 111rn 11 () ~ -!. ll{fV '7 #f '-' '$ ~ lVIII· l. +- -2 
+ :L 2~» loJJc.J,. 
1R. M~ Briggs, liThe Preparation o-f Substituted Hydra-
zinesll, Thesis, Boston University, 1952 •. 
2Eo Fischer, Ber., 8, 1587 (1875). 
3E •. Renouf, Ber., 13, 2171 (1880). 
The reduction of N~N-diphenylnitrosamine to N,N-di-
phenylhydrazine was reported by von Rothenbergl in decent 
ield. 
owever~ since he used hydrazine hydrate as a reductant, 
l 
13 
. I is process is not economically feasible except for labora-
1 pry preparations of the rarer compounds. It should be 
loted that this worker reports that, even in this case, a 
reaction involving fission of the nitrogen-nitrogen 
i 
:Ond occurs. 
I 
\ Thiele and ln:eyer2 , in 1896, reported attempts to 
ieduce methylni tramine to methyLh.ydrazine under varying con-
\ ~tiona. They reported that the reduction with concentrated 
I 
I 
ptassium hydroxide solutions and metallic aluminum gave 
~~ise to mixtures from which no appreciable quantity of the 
~drazine could be obtained. When the methylni tramine was 
educed in aqueous ethanol in the presence of naphthol-2 by 
luminum amalgam they found some methylhydrazine. They do 
ot report the yield of this product but it may be assumed 
at it was a relatively minor amount since this reaction 
so gave some of the methylated compound, 2-methoxynaphth-
Reduction of nitrourea in aqueous ethanol with 
lR. von Rothenberg, Ber.~ 26, 2060 (1893). 
2J. Thiel and C. Meyer, Ber., 29,961 (1896). 
14 
odium amalgam is reported to have given hydrazine although 
Alli;).COAJHIVOJ. + & AltA. f ( CJ.. Hs-OJ./~ ,(Ill,_ CIJN#JIH~ + :J. Jl~() 
'~- { Alo. a cl- H,r 
i 
~gain no yield was reported. In this article also is to be 
~~ 
!Ound the first report of an attempted reduction of ni tra-
1 
rine. Apparently the reduction was not successful as a source 
I 
:f hydrazine although the authors are not very definite on 
I 
I 
These same authors reduced methylnitramine 
sing concentrated hydrochloric a.cid and zinc dust at tem-
' eratures below zero degrees Centigrade and reported the 
~ormation of both methylamine and methylhydrazine under these 
' Cll:ri!IIAJod- +Yl, +Cite!~ cHs>NH,va)_ f :J..IIJ.a f ?2hc1~ 
C 113 4r/1Nd; f 'tz;. f Filet ---? CII~I/1/:J.. .; .¥117 + rJ.il~o t- 'IZ~t:CI~ 
pondi tiona. Ethylhydrazine. was also prepared from ethyl-
hitramine by reduction with aluminum amalgam and also with 
zine. and hydrochloric acid .. 
4. Preparation of Substituted Hydrazines 
. by Alkylation or Arylation of Hydrazine 
Considerable use of alkylation has been made for the 
preparation of hydrazine derivatives. In general, substit~ 
fion of an alkyl group in place of hydrogen on hydrazine 
~ea(is to increased nucleophilicity of the nitrogen on which 
~he substitution has taken place$ This is due to the tend-
1 
' 
ency of alkyl groups to serve as ,electron donars and causes 
15 
dditional substitution to occur very readily on this nitro-
en. As a consequenc~, more highly substituted-products are 
in addition to the simple monoalkylhydrazine1 • 
limits the usefulness of processes involving 
.1 CH3 I -t- lllll..IIHJ..- > c 112 N#NH,_ · I-II 
I 
.[C. H~I + lHgl/111111~~ (cH~):J..NA/11,_ ·iii 
'f.Hsi + {ci/.2),.NNH~~ (CH2).?Ai,.Afii~T-
'I 
I 
,ucleophilic attack by the nitrogen of hydrazine. 
i 
.1 Direct preparation 
hat more convenient than 
i 
of monoaryl hydrazines is some-
is the case for the monoalkyl hy-
1 
azines .. This is due to the fact that the aryl group serves 
! 
1
s an electron acceptor and therefore tends to deactivate the 
I 
:ya.razine so far as its participation as a nucleophilic agent 
! 
;In a reaction is concerned. It is possible, for example, to 
1
repare 2, 4-dini trophenylhydrazine by direct reaction of 
I 
I 
,4-dinitrochlorobenzene with hydrazine in aqueous ethanol 
a. to obtain a yield of 85% of the theoretj.cal amount of 
·, 4-dini trophenylhydrazine2 • 
5. Preparation of. Substituted Hydrazines 
by Alkylation of Hydrazine Derivatives 
A more practical method for the preparation of mono-
lc. D. Harries ana. T. Raga, Ber., 31, 56 (1898). 
2H. Brady, J. Ohern. Soc., 193l, 757. 
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I 
! 
, kylhydrazines involves the alkylation of hydrazine deriv-
.tives rather than hydrazine it self'. Numerous examples can 
e given of the alkylation of an azine. The femiliar method, 
eveloped by Thiele1 , for the preparation of methylhydrazine 
! 
i 
rvolves the methylation of benzalazine with dimethyl sulfate 
: d·the subsequent hydrolysis of the compound formed. This 
i 
I 
1
ethod for the preparation of methylhydrazine is sufficiently I , . 
I C6 ll.s- C 1:/o + AI H~ _ l.t H ~ -7 c, ll.rC H ==-AI-AI= C H c., Hr I 
~ H.rC.H~II-Il= cf.lc., Hs- -t {cHJ>J.,. so'f + sJI~tJ 
I . . . 
. :J..Cc H.rC/fa + CH9 J/HUH,_- H~ Sat.t + CH; OH 
uccessful so that it was adapted by H. H. Hatt and published · 
n 11 Organic Synthesesn2. 
A method closely related to the alkylation of azines 
s the alkylation of diacyl or diaryl hydrazines. For example, 
I . 
I 
I 
I 
amsperger3 prepared N-methyl-N 1-isopropylhydrazine by the 
:eaction of dimethyl sulfate with N,N 1dibenzoyl-N-isopropyl-
: 
i 
:ydrazine in ethanol with one equivalent of a strong base 
6 HrCON - J/HCdt.6 llr + (cl/7 ],_ .Soq +Ala. OH ! . I 
I 
CE/(OI2Jl. 
~ C, llrl.OA)- AJ( CH2 )C<J c6 ll.r +A/a./IS()'( I 
CI/(CII.?J~ + CH.70I/ 
resent and hydrolysis of the resulting product. 
lJ. Thiele, Ann., 376, 244 (1910). 
2H. H. Hatt, IIQrganic Synthesesll, Collective Vol. II, 
ohn Wiley & Sons, Inc., New York, 1943, p. 395. 
3H. C. Ramsperger, J. Am~ bhem. Soc., 51, 918 (1929). 
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The preparation of symmetrically substituted hydra-
b.Y the alkylation of diformylhydrazine was studied by 
Although reasonable yields were apparently obtained 
exact information as to his yields is reported. This 
0 0 
,, h 
/f C - NH- Alii- C H + :l.Aio.tJ/{ + :J-It:L 
0 A. R. 0 
----7 lie"- It/'- AI - CH + lAI(J. '£ + 2 "~ 0 
m thad is rather cumbersome and adaptation to large scale 
I 
:I p ocesses presents several very serious difficulties. 
6. Preparation of Substituted Hydrazines 
by Use of Azodicarboxylic Ester 
Another method, of considerable theoretical interest, 
the introduction of the hyd.razine grouping into another 
m. lecule is presented by the reaction of azodicarboxylic 
i 
e'
1 
ter with any suitable reactive substrate. This reaction 
: 2 
h 1 s been extensively studied by Diels and a number of his 
s udents3 • For exsmple, Stolle and Reichert4 have shown t·hat 
c mene reacts readily with azodicarboxylic ester in the pres-
e ce of a few drops of concentrated sulfuric acid to give 
lc. D. Harries, Ber., 27, 2279 (1894); 0. D. Harries 
a. E. Klamt, Ber., 28, 503 ( 1895). 
2o. Diels, Ber., 54B, 213-26 (1921). 
3o. Diels and H. Wackermann, Ber., 55B, 2443-50 (1922); 
ol Diels; J. H. Blom and W. Koll, An~44~242-62 (1925); 
0: Diels and K» Alder, Ann., 450, 23'7=54-r!926); 0. Diels, 
s! Schmidt ·ana. W. Witte:-ser., 71B, 1186-9 (1938). 
4R. Stolle end Wo Reichert, J., prakt. Ohern., 123, 74-81 
( _929)? Ohem. Abstr., 24, 94 (1930)~ 
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2 1 5 bis(di(carbomethoxy)hydrazino)-l~methyl-4-isopropylbenzene. 
The e same workers have shown that even as simple a molecule as 
c. "'.J c. 0 ~ c ~ l-lr 
I 
N- NWc,o,_ c,_ H.r 
et Will undergo this condensation. Hydrolysis of 
e compounds leads to subsequent decarboxylation and, there-
fo , the formation of comparatively simple hydrazine compounds. 
l·kC.:l.OJ..C/-1 N -N 
I 
H.r- c.l. ~ c. CH 
/ \. 
CJ.ig CH.2 
c.o2. C.~ fl~ 
I 
f'/ -It/ H~ G.l.lf.r 
?. Preparation of Substituted Hydrazines 
by Hydrolysis of Azo Compounds 
Hydrazine derivatives have also been prepared by the 
drolysis of azo compounds1 , a reaction which must be accom-
p ied by a rearrangement of the molecule in such a manner 
to shift the double borid by one position so that it lies 
b tween a carbon and a nitrogen atom. Regardless of whether 
t is ree~rangement precedes the hydrolysis or is a concurrent 
it can occur only with those compounds in which 
at least one hydrogen atom attached to a carbon 
1 G. Knopfer, Monatsh~, 30, 29 (1909). 
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wh ch is adjacent to the azo grouping. Although the yields 
I 
ob 1ained from the hydrolysis of a symmetrical azo ·compound 
ma I be satisfactory, this method is not likely to find exten-
si e use for the preparation of hydrazines because the nee-
es 
1
ary azo compounds are difficult to obtain by methods other 
I 
th' the oxidation of hydrazine compounds and may be unstable 
i 
wh n formed. 
I 
8. Preparation of Substituted Hydrazines 
by Reduction or Rearrangement of Triazenes 
It 1:1-as also been observed1 that hydrazines may be formed 
by .the reduction or rearrangement of triazenes. This method 
I 
mi 1~t be considered of much greater potential value were it 
rto. 1 for the comparative unavailability of the triazenes and 
th low yields of the hydrazines which are frequently observed. 
It be noted that triazenes are usually prepared 
.. 
fr :m. hydrazines. 
,I B. Catalytic Reduction of the Nitro 
and Nitroso.~roups 
Although there has been. a very large amount of work 
on the reduction of nitro and nitroso compounds to the 
e, the detailed mechanism of the catalytic reduction is 
not at e~l understood. Roger Adams, in a classic series of 
lE. Fischer, Ann., 190, 77 (1876). 
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published. from 1920 through 1927, reported. an exten-
ive series of investigations of the use of noble metals and. 
eir oxides as catalysts for the hydrogenation or reduction 
f a number of different types of compounds. He showea.1 that 
I 
~atinum black or platinum oxide can be used. for the prepar-
~~ion of aromatic amines from the corresponding aromatic nitro 
'I - . 
rmpound.s by hydrogenation. In general the yields obtained. 
I Pt 
f 1/r PO:J. -l- :? II:L - ~ Ar- Jill;). + :I HJ. 0 
:I 
I 
e quite satisfactory although they d.o vary over a fair 
~ge depending on the nature of the specific compound. used.. 
! 
: s investigations also established. that there is frequently 
·, appreciable induction period. for these reactions and that 
i 
~aces of catalyst poisons may vary the induction period greatly. 
I 
I ~ams did. not attempt to elucidate the mechanism of this red.uc-
, 
to show that, when th~ noble metal oxide is 
first step is the reduction of .the oxide to an 
· tremely active form of the metal black and that catalytic 
I 
ptivity depends upon the presence of- small amounts of oxygen 
the c·at:alyst; when the oxygen is gone the catalyst is deaa.2. 
1 R. Adams, F. L. Cohen and o. W. Rees, J .. Am~ Chern .. 
; c .. , 49, 1093 (1927). 
f 2v. Voorhees with R. Adams, J. Am .. _ Chern. Soc. J 44, 
1 97 ( 1922). 
21 
lw. H. Carothers with R. Adams, ~Am .. Chern. Soc., 
1047 ( 1925). 
2. Wv H. Carothers with Ro Adams, ~Am. Chem. Soc., 
1071 (1923). 
3w. H. Carothers With R. Adams, J. Am. Chern. Soc., 
1675 (1924). ---
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p 1tent on the reduction of certain compounds of this type by 
t e use of platinum black or platinum oxide in dilute hydro-
acid solut·ions of these materials using hydrogen under 
' l 
m derate pressure . 
Paal and Yao2 treated diphenylnitrosoamine in alcohol 
w :th hydrogen in the presence of finely divided palladium in 
expectation that they would obtain 1,1-diphenylhydrazine. 
reaction stopped, however, when only 1.5 moles of hydrogen 
been absorbed ana_ it was found that 0. 5 mole of nitrogen 
:i 
h :•a. been evolved. The only product· isolated was B.iphenyl-
1. . 
a 1 ~ne ~n almost quantitative yield. · These workers explained 
:c6 ll.r\ · PrJ c, ll..r\ 
:I . UA/o r :?Ua.--7--7 J- /1111 ~6 ll.r/ c& 11.r 
I 
t 1eir results by means of a mechanism which Rssumed the inter-
:! . . 
m .;diate formation of a, tetrazene, 1,1,4;4-tetraphenyltetra-
z ne-2, which they proposed was reduced at once to the un-
s ;able 1,1,4,4-:--tetraphenyltetrazane-: The latter was postu-
l ·ted to decompose immediately with the loss of one mole of 
1 G. G·ever (to The Norwich Pharmacal Co.), U. s. Pat-
e ,t 2,740,791 (April 3, 1956). 
2 0. Paai and W. N,. Yao, Ber., 63B, 57-66 (1930),. 
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as slow and incomplete if carried out in acetic acid instead 
From this reduction in acetic acid they were 
ctually able to isolate some l, l, 4, 4-tetraphenyltetrazene-2 
s well as diphenylamine and a very small amount of 1,1-diphenyl-
1Ydrazine. 
i I C. Iodometric Determination of Hydrazine 
1 end of Mono substituted Hydrazines 
'r 
i • 
i The iodometrlc determination of hydrazine and of mono-
! \ubsti tut ed hydrazines .. is e. convenient and rapid quantitative 
I to cedure which is also adapt able as a qualitative check for 
~e presence of hydrazines. The method employed in this re-
was that given by S. Siggia1 . The reactions involved 
formulated as follows: 
:Jr /{'/ -t 2~ + 'IJ!t:aNCdy ~ P~ 1' + '1'6_0 + l!CO:L t ~o '11/a:£ 
'NuvHJ, -r:J.X,_ +.?1/fi.llco.;> ~ ~ 1' f:?H:J..a +:?co~ 1' +.?A'rir t RI 
i 
I AI\ 
o2! / 11/§HtJ-~J. 
ls. Sig.O'ia, IIQ,uantitative Orgenic Analysis via Func-ione~ Groups,W John Wiley & Sons, Inc., New York, 1949, p. 75. 
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major difficulty encountered in this titration stems 
rom the comparatively slow reaction with substituted hydra-
. ines; this requires that an end point be checked after a 
·apse of a minute or so in order to establish that a slight I . 
xcess of iodine is indeed present. It should also be noted 
I 
hat the end uoint obtained in the presence of excess sodium I ~ 
:icarbonate is often a violet or pink color rather than the 
" 
familiar deep blue of the sta.rch~iodine-iodide complex. 
As a qualitative check for the presence of hydrazine, 
I . 
few drops of iodine may be added to an aqueous solution of 
I 
;he sample in the presence of enough sodium bicar-bonate to 
I . 
,aturate the solution .. A positive test is shown by decolor-
1 
tion of the iodine solution. 
II EXPERIMENTAL DATA 
In order to present the experimental data in as clear 
d concise a form as possible this section of the thesis 
ill be subdivided into several parts~ The first item ~ill 
j 
,e a description of the apparatus used for the catalytic re-
I 
uctions of the nitro and nitroso compounds. This will be 
pllowed by sections discussing. the general mode of prepara-
1 ion of the carbamates, the nitration or, in some cases, the 
I 
ii trosation of these compounds and then the general descrip-
lon of the conditions employed for their reduction. The 
'! 
linal section will present the specific data for each of the 
'I pmpounds used. Wherever conveniently possible this latter 
I 
I 
nformation will be presented in tabular form so that the 
I jertinent interrelationships may be seen clearly .. 
I 
'I 
\ 
i 
A. Reduction Apparatus 
~11 of the reductions reported in this thesis were 
:arried out in one of three sets of apparatus all of which 
essentially identical so far as use was concerned. 
differed only in the manner by which the rubber stopper 
hrough which hydrogen was admitted was clamped into the Parr 
ressure bottle in which the actual reduction occurred and in 
range of the pressure gauge. The rubber stopper, which 
been boiled in alkali to reduce the content of sulfur on 
surface) had one hole- Through this hole there extended 
stem of a T-shaped bress tube the two ends of which carried 
I 
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stopcocks. At the juncture of these three brass tubes 
was attached a pressure gauge which was calibrated from 
or in some cases minus fifteen pouncls. per square inc}:l.3 
one hundred pounds per square inch. For those 
in Which it was desired that the internal temper-
be known a short thermometer was suspended from the end 
~ the tube within the bottle. The bar of a magnetic stirrer 
I 
as placed in the bottle. See Illustration 1. 
: 
,j 
The use of the apparatus was as follows. The sample 
be reduced3 the catalyst and the solvent3 if any, were 
in the bottle and the apparatus assembled. The e~r 
apparatus was flushed out with hydrogen by connecting 
the inlet arms to a tank of hydrogen through a pressure 
(educXng valve. Hydrogen was admitted to the bottle until a 
l 
J 
· essure of from fifteen to twenty pounds per square inch 
·as indicated on the gauge; since this was in addition to the 
:I 
I ~mospheric pressure (zero point of the gauge) the tote~ inter-
' i 
al pressure was approximately thirty to thirty-five pounds per 
I 
;quare inch. Admission of hydrogen was stopped and the gas was 
lowed to escape through the second valve which was barely 
open. This process was repeated six to eight times 
n order to eliminate the oxygen originally present. Finally 
he pressure was increased to about forty-five pounds per 
1quare inch above atmospheric pressure and the stirrer was 
i . 
Normally the reaction was allowed to continue at 
born temperature with occasional additions of hydrogen as 
·'FIGURE I 27 
THE REDUCTION APPARATUS 
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.. 
nee ssary to maintain an internal pressure of from twenty to 
fif y pounds per square inch as indicated by the gauge. 
I 
sionally the internal temperature was controlled by 
:Lmm rsing the apparatus in an ice water bath or in hot water. 
The large thermal lag introduced by the thick glass of the 
bot le made it difficult to control the internal temperature 
and this was rendered· even more difficult by the fogging of 
the bottle which occasionally occurred and by the deposition 
of 
1
atalyst, insoluble starting material or-insoluble pro-
due i on the glass through which the internal thermometer had 
to e read. 
Due to the danger of explosion resulting from the 
ign ion of the solvent vapors or hydrogen by the very active 
ysts used, the usual order of the filling of this appara:-
ras as follows: first the catalyst was placed in the bot-
tle ;f'nd then the material to be reduced was added. W'here 
cat 
tus 
thi 
all 
was 
ens 
material was a liquid the bottle was then swirled to wet 
of the catalyst. If the substrate was a solid the solvent 
!\ 
~then added raPidly and the bottle swirled in order to 
il re that there was no dry catalyst to ignite the vapors 
solvent or the hydrogen when this· was added. The appa-
assembled and flushed with hydrogen as rapidly as 
after filling in order to prevent possible dry 
cat yst from being formed due to the rapid evaporation of 
some;of the volatile liquids employed. 
I 
B. Preparation of Compounds 
1. Carbamates 
i All the carbamates used in this research were pre-
i 
·il 
;ared by the general method given in "Organic Syntheses" 
! 
or ethyl N-methylcarbamate1 . A quantity of the amine in 
! 
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placed in a flask with some ether. To this there 
I 
I 
vas slowly added, with efficient 
'I 
I 
, ount of ethyl chloroformate and 
' I 
I 
stirring, an equivalent 
sodium hydroxide solution. 
•.. ', fit Ill H~ t- C !CO,__ C ,_ H.f' + tf!a d I{ ~ liN H co. C~ ll.r f Alfl. c I 
1- ~~~ tJ 
te temperatur.e of the reaction mixture was maintained be-
;1 
pw five degrees centigrade by use of an ice bath or a Dry 
I 
'Ice-acetone mixture depending upon the quanti ties employed 
~ I 
, d the reactivity of the amine. VVhen the reaction was com-1 ' 
:·~ete the ether layer was removed, the aqueous solution was 
;j 
Jx:tracted with several portions of ether, the ether extracts 
,J re combined· and the ether was removec1 by distillation from 
e steam bath. The residual carbamate was purified by dis-
:1 
·r·llation under reduced pressure or by crystallization from 
suitable solvent depending upon its specific characteris-
,1 
ics. 
lA. H. Blatt, 11 0rganic Syntheses 11 , Collective Vol. II, 
Wiley and Sons, Inc., New York, 1948, p. 2789 
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2. Nitrocarbamates 
All ni trocarbamates used in this research were prepared 
the method of Curry and Masonl. The Carbamate was treated 
·\th fuming ni trio acid and acetic anhydr1de with cooling to 
m intain the temperature of. the reaction mixture in the range 
Nd1. 
I H.r O ,_ c AI H R .,. II No 3' f II c. l. 0 ~ C ,_ l/.r02. c Alii. -;. J.. II Oltv 
zero to ten degrees centigrade. After the reaction was 
ilieved to be essentially complete the mixture was allowed 
I i warm up to room temperature. The excess acetic anhydride 
d acetic acid formed during the reaction were then removed 
! 
distillation under reduced pressure. Final purification 
product was accomplished by crystallization or distil-
under reduced pressure, or a combination of these two 
cesses, depending upon the characteristics of the specific 
As is usual in this method the yields were uniformly 
ranging from ninety to ninety~nine percent~ 
3. Ni trosocarbamates · 
All of the N-nitrosoc~bamates used in this research 
w prep~~ea. by the direct treatment of an ether solution of 
t e carbamate with nitrous acid, generated in situ from sodium 
n .trite and hydrochloric acid or nitric acid. The temperature 
J/O 
I 
C.J.IIrdl.. C,VII"' + ttlal/0,_ I Ill./~ c~ ll..s-O~C,f/~+ "~0 -f 1/QC/ 
lH. M. Curry with J. P. Mason, J .. Am. Chern. Soc¥, 73, 
5 43 ( 1951). 
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maintained below 15° C. by cooling in an ice bath or, in 
ome cases, by the direct addition of ice to the reaption 
The ether layer was then removed, washed with water 
I 
' d cold potassium carbonate solution and dried with solid 
:lotassium carbonate. The nitro so compound, after removal of 
,I 
he ether by evaporation or distillation on the steam bath, 
purified by distillation under reduced pressure in those 
iases where the compound was sufficiently stable to make such 
! 
I 
' distillation possible. The procedure employed in each case 
1
as adapted from the 11 0rganic Syntheses 111 directions for the 
:repa.l"'ation of ethyl N~nitro so-N-methylcarbamate. 
I 
I 
I 
:f 
l 
I 
C. Purification of the Solvents Used 
in the Reductions 
As will be· ahown in the discussion, the purity of the 
'olvents was of prime importance in the reductions. As a 
onsequence of this fact it was desirable that each solvent 
1 ployed be purified to remove trace amounts of catalyst 
The solvents, With the exception of acetic acid 
d of water, were refluxed with Raney nickel for a period 
less than two hours and then Qistilled in an all-
'lass apparatus with minimum expo sure to the atmosphere. 
first portion of the distillate was used for rinsing 
·he storage container; the central cut of the distillate, 
I 
!hich normally amounted to about one-half of the original 
1A. H. Blatt, 11 0rganio- Syntheses 11 , Collective VoL 
I, John Wiley & Sons, Inc., New York, 1943, p. 464. 
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was now stored. 
lj:'he freshly distilled purified solvent was kept in a 
' ightly closed container and When this was opened either 
entire contents were used within a few days or the mater~ 
1al was repurifiedv There was some evidence, which will be 
.resented later, that such elaborate precautions were not 
ecessary with absolute alcohol but it was felt, in view of 
he unpredictability of this.reduct:ion, that the elimination 
. I 
f possible complications due to the presence of impurities 
n the alcohol was justified. 
1 
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D. Catalysts Used in this Research 
All of the catalysts used in this research were com-
'ercial materials prepared by Baker & Co., Inc. of Newark, 
Jersey. The compounds used were: 
Platinum black 
Platinum oxide 
5% Platinuni. on alumina powder 
5% Platinum on charcoal powder 
Palladium black 
5% Palladiu.111 on alumina powder 
5% Palladium on charcoal powder . 
Rhodium black 
5% Rhodium on alumina powder 
5% Rhodium on charcoal powder 
5% Ruthenium on alumina powder 
5% Ruthenium on charcoal powder 
materials were used as obtained and no .special precau-
1 ions were tak·en except that they were exposed to the air in 
,I 
he laboratory as briefly as possible whenever a sample was 
f 
emoved from the supply bottle. 
E. Reductions of the Compounds Investigated 
Reductions were carried out in the apparatus previous-
Y described under very nearly the same conditions for each 
lompound. In this section a typical reduction will be des-
ribed; variations on this procedure will be discussed where 
34 
propriate· in connection with the particular compound employ-
In a typical reduction five hundredths of a mole of 
tl e substrate was mixed with two tenths of a gram of the 
t:ttalyst and fifty milliliters of the solvent. This mixture 
I 
:~s stirred vigorously by means of a glass-encased magnet and 
I !magnetic stirrer. After the air was displaced with hydro-
.1 
en, stirring was continued without interruption until the 
I 
I pd. of the experiment~ Following an induction period which 
·I 
langed from less than a minute to more thal'l a half hour the 
I 
olution normally started to absorb hydrogen. The theoret-
1 
~al amount of hydrogen which should be absorbed for the re-
I . 
I 
~fction of the nitro or nitroso groups present was calculated. 
· d. the actual hydrogen uptake was . comp.ared with this as a 
'I 
I 
lethod of following the reaction. When the theoretical 
I P;1 '- AJ.•to -r 3 H. P't ~ R, 'NP H + J. ll .. a 
'D /IV~ 2.. R./ ). _., 
I ~~ ~ 
aunt of hydrogen had been absorbed the reduction would 
'sually cease but occasionally hydrogen continued to be 
bsorbed, although at a reduced rate> a result which it is 
.elieved was due to the cleavage of the hydrazine originally 
to the amine and ammonia~ The data upon which this 
is founded will be presented in the discussion of 
he individual compounds. 
When the reduction was complete the apparatus was 
ecessary, by the addition of concentrated hydrochloric 
id. This solution was evaporated on the steam bath. It 
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as found that after repetition of this process three times 
ydrolysis was complete and the residue consisted of the 
ydrochlorides of the hydrazine, the amine, and ammonia. 
,etermination of the yield was based upon the method of 
I 
:. Rosin1 which depends upon titration of an aqueous solu-
,ion of the hydrazine with iodine in the presence of excess 
odium bicarbonate to control the acidity of the solution. 
hat this procedure is fairly reliable in the presence of 
lJ. Rosin, II Reagent Chemicals and Standards 11 , 
• Van Nostrand Co., New York, 1939, p. 194. 
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imple amines and ammonia has been previously established1 . 
~ 
I 
C,.H.rOJ.CNNHl. +H;).a 1- llc.J--4 C.J.IIo~~oll f coJ 1 + 1/NIIif'll~- lie/ 
II:J.UII~ + 2 :r1 + 'INa l/c.t:J5 ~ AI~ 1' +'IH~o + 'ICoJ. t + ltA/a,:£ 
. I . 
'II NII/I. +~I:~- -1- :ftVallco:">~ ,{j~ 1' -1 :?~d + fC(}~ 1' +.?~L .;l(r I ~ J 
Considerable difficulty was experienced during this 
r, search because the reductions were found to be quite erra-
t,c; results were not reproducible in a dependable manner. 
r
1 
was not unusual for a given compound to reduce smoothly 
o
1
e day and to resist reduction the next even though a fresh 
of the same batch of material was used in a portion 
I 
I 
o the same solvent and with the same catalyst as on the 
1 . p evious day. Occasionally a period of several days, weeks, 
I 
,
1 d in one ·case, months occurred during which no reductions 
w1re successful. 
,j 
I 
1. Ethyl N~Nitrocarbamate 
The ethyl N-nitrocarbamate employed in this research 
supplied by Dr. J. P. Mason and Dr. G. Thomas. Three 
lots of this material were obtained. Since these 
in purity they were recrystallized from benzene. 
O,e recrystallization was required in each case and the 
i 
r :sulting products had a uniform melting point of 63.5-64.0° C. 
i 
, lR. M. Briggs, II The Preparation of Substituted Hydra.=-
z nes", Thesis, Boston University, 1952 .. 
In vieW of the relative simplicity of this compound 
i 
number of reductions of ethyl N-nitrocarbamate were car-
I 
~ed outa The general conditions employed were those pre-
! ,~ously described· in the . section n Catalytic Reductions n. 
· ~ter reduction the filtrate was evaporated to a syrup on 
' l 
he steam bathJ 10 ml. of concentrated hydrochloric acid 
'I 
:1 . 
';}. H.J O~CJI iiNO~ .,_ 2 N~--...:'? C~ l-l.r<Jl. C A/ 1/NII:J. r 3.1/J. 0 l ' 
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ks added and the solution was taken to dryness. An addit-
ij . 
·onal 25 ml. of concentrated hydrochloric acid was used to 
:lssolve the residue and this solution was again evaporated 
'I f dryness on the steam bath. The resulting solids were 
·I 
:I 
tl lfs-(JJ.. CI/NH~ + !Ia..() + 1/ct --} C.)..IJ,rdll t Cd•? tUN;,. /Ill~· He/ 
I 
and diluted to 250 ml. in a volumetric 
A 5.00 ml. aliquot was then titrated with standard 
in the presence of excess sodium bicarbonate using a 
Jl;; AI H:J. · HC,/ t- :J. :£'~ + .r Ala. EIC.0.7 
I . 
! ') 1/o.c.l + 1/J. 1 + rcoJ..,... + .r N,).<J + 'IJ/4:£ 
indicator~ The pertinent data and conditions employ-
e: in these reductions are indicated in Table I. 
2. Ethyl N-Nitro-N-methylcarbamate 
Large amounts of ethyl N-ni tro~N-methylcarbamate were 
u ed in this research because it is the simplest of' the alkyl 
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TABLE I 
THE REDUCTION OF ETHYL N-NITROCARBAMATE 
I 
Solvent Acid Wt~ of Catalyst Time Yield 
Added Sample (hrs~) 
I 
abs. None 5 .. 0 g.l Pt black 4 .. 5 99% urified 
I (50 ml.) ,ethanol 
I 
/urified ethyl Acetic 5.0 g61 Pt black 6.0 99% 
:acetate (50 ml.) (3 .. 0 ml.) 
:I g.l 12% prified ethyl Acetic 25 .. 0 Pt black 9.5 
!acetate (100 ml.) (3 .. 0 ml.) 
I 
:I g .. 2 black ~urified abs. None 25.0 Pt 6.0 None 
/ethanol (100 ml .. ) 
,urified abs. None 5.0 1 Pt black 8 .. 0 None g. 
iethanol (50 ml.) 
I 
I g .. l ,urified abs. None 5.0 Pt black 3.5 86% 
iethanol (50 ml.) 
I 
I 
urified abs. None 25.0 g .. 2 Pt black 4 .. 5 85% 
iethanol (100 ml.) 
I 
I g.l 88% ommercial abs. None 5 .. 0 Pd black 2 .. 5 I ethanol (50 ml.) 
I g.2 'ommercial abs. None 5.0 Rh black 5.0 82% 
i ethanol (50 ml.) 
I 
,urified 95% Acetic 5.0 g. Pt on 6.5 94% 
'ethanol (50 ml.) (4.0 ml.) alumina 
urified 95% Acetic 5.0 g. Pt on 7.5 82% 
J ethanol (50 ml.) (4.0 ml .. ) charcoal 
urified 95% Acetic 5.0 g. Rh on 14.0 75% 
ethanol (50 ml. ) (4.0 ml.) charcoal 
urified 95% · Acetic 5.0 g. Rh on 7.5 81,% 
jethanol (50 ml.) (4.0 ml.) alumina 
lRecrystallized from benzene 
2Not recrystallized 
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TJ\J3LE I (Continued). 
Solvent Acid Wt .. 'of Catalyst Time Yield 
Added Sample (hrs.) 
. urified 95% None 5 .. 0 g. Pt on 5.5 98% 
1ethanol (50 ml.) alumina 
urified 95,% None 4 •. 5 g. Pt on 5.5 92% 
.ethanol (50 mL) charcoal 
1
urified 95% Acetic 5.0 g. Pt on 15.0 16,%1 
.ethanol (50 ml.) (4 .. 0 ml.) alumina 
urified 95% Acetic 5.0 g. Pt on 11 .. 0 73%2 
1 ethanol (50 ml. ) (4~>0 ml..) alumina 
I 
,urified 95% Acetic 5.0 g. Pt on 9 .. 0 99f)3 
i ethanol (50 ml. ) (4.0 ml.) alumina 
i 
urified 95% Acetic 5 .. 0 g .. Pt on 8.5 97%4 
1ethanol (50 ml.) ( 4.0 ml .• ) alumina 
':urified 95% · Acetic 5 .. 0 g. Pt on 5 .. 5 95%5 
/ethanol (50 ml.) (4.0 ml.) alumina 
i . 53~ ,urified 95% Acetic 5 .. 0 g. Pt on 4.5 
j ethanol ( ::;o ml. ) ( 4. 0 ml.) alumina 
I 
2%7 urified 95% Acetic 5.0 g. Pt on 2.0 
!·ethanol (50 ml.) ( 4.0 ml.) alumina 
I 
l 1Reduced at 0° to 10° C.; based on absorption of one 
'alf' the theoretical amount of hydrogen. 
I 2Reduced at 10° to 20° C.; reduction slow after one 
I. 
alf of the hydrogen absorbed. 
· 3Reduced. at 20° to 30° c. 
4Reduced at 30° to 40° C,. 
5Reduced at 40° to 50° c. 
6Reduced at 50° to 6cP c. 
7Reduced at 60° to 70° c .. 
,, 
I 
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i trocarbamates and is readily prepared. The method. of pre"--
a..ration was that of norganic Syntheses 111 which is essen-
' 
that which has been describ,ed in the li terature2. 
moles of a 33 per cent aqueous methylamine solution 
, 
1
as treated with 12 moles of ethyl chloroformate while the 
lemperature was kept below 5° C. by use of a Dry Ice-acetone 
I 
During the reaction 12 moles-of sodium hydroxide was 
in order to avoid the loss of half of the amine as the 
ydrochloride. The oily product was separated and the aque-
us solution was extracted with .ether to recover any of the 
issolved ester. Removal of the ether and fractional dis-
illation of the product gave 1140 grams (98.3%) of a color-
less oil with a boiling point 
~.1. H.rO~ CCI + CH$1/11~ t- Afa(JH 
of 63-67° C. at 15 mm. pressure. 
I 
'j-->+ Clll,rO~(,UHCII,y -1-A/Q.C/ ·+ HJ.d 
! The ethyl N-methylcarbamate was nitrated by the method I 
eveloped by Curry and Mason3 • The ester was treated with 
I I uming ni trio ·acid and acetic anhydride under carefully con-
' rolled temperature conditions so that the temperature did 
,, 
1 W. W. Hartman and M. R. Brethen, 11 0rganic Syntheses", 
ollective Vol. II, John Wiley & Sons, Inc., New York, 1943, 
¥ 278. 
2J. Schreiner, J. prakt. Chern. (2), 21, 124 (1880); 
• von Pechmann, Ber.1~' 855 (1895); B~ Eistert, Angew. Chem.54, 
24 (1941). - ·- ----
~- M. Curry with J. P. Mason, J. Am. Chem. ~' 73, ~043 (1951). - --
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ot rise above 10° 0 ... at any time. Purification of the crude 
compound gave a pale yellow oil w~ich boileQ at 87-88° 
• at 15 mmw pressure. From the nitration of two separate 
;55 gram portions of the carbamate there was obtained 1338 
'rams (84,%) of the nitrocarbamate. 
I 
' 
l 
I . ) Numerous reductions were run on the ethyl N~nitro-N...,. 
:
1
methylcarbamate using different solvents end acids in order 
1
0 obtain information concerning the range of conditions 
'I :~hich might be expected to be of value in connection with 
I 
·I ~he related nitro compounds. These reductions were run in 
lccardance with the procedures previously described and the 
·. ertinent conditions and data are indicated in Table II with 
exception of one run which gave somewhat anomaloua.results 
a will be discussed below. 
i 
:,:). NrO~C,y{J!(J:J.Jcu? t-:?1/J. P't) C~ ll.s-d~CA/{J/I!;,.)C.!-17 fJ..Hs..O 
In the anomalous r~duction 7.4 grams (0.05 mole). of 
he nitrocarbamate was dissolved in 100 ml. of glacial acetic 
acid and o. 2 gram of platinum black was added. After the appa-
atus had been flushed with hydrogen the stirrer was started 
and the internal pressure was noted. Over a period of two 
' ~a one-quarter hours this solution absorbed 44 p.s.i. of 
•. . 
: ydrogen~ This reduction, which o:ccurred at a rate which 
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TABLE II 
REDUCTION OF ETHYL. N-NITRO~N-METHYLCARBMIATE 
Solvent Acid Wt. of Catalyst Time Yield 
Added Sample (hrs.) 
1
yridine(l00 ml.) None 7e4 g. Pt black 9 .. 5 None1 
I 
ommercial 95% None 7.4 g. Pt black 4 .. 5 18 .. 8% 
\ethanol ( 100 ml.) 
i 
1 
mmercial 95% Hydro- 5.0 g. Pt black 6 .. 5 82% 
!ethanol ( 100 ml .. ) chloric 
I ( 4. 0 ml. ) I 
I p.rified 95% Hydro- 5.0 g. Pt black 5.5 95% 
,ethanol (50 ml. ) chloric 
i ( 4. 0 ml.) 
I 
hrified 95% Acetic 5.0 
bthanol (50 ml.) (3.0 ml.) 
g. Pt black 5.5 95% 
lacial Acetic 
b.cid (50 ml.) 
None 5 .. 0 -g. Pt black 5.0 97% 
I 
Pirified Acetic 5 .. 0 g. Pt black 7.5 92% 
'yr:tdine (50 ml~) (3.0 ml.) 
I 
Hydro- 5.0 g. Pt black 5.5 89% (50 ml.) chloric 
(4~0 ml.) 
P rified ethyl Acetic 5.0 g. Pt black 6.5 88% 
'cetate (50 ml.) (3.0 ml.) 
P'rified Acetic 5 .. 0 g. Pt black 4.0 Nonel 
'uinolin (50ml.) (3.0 ml.) 
p rifled Hydro- 5.0 g. Pt black 4.0 Nonel 
'uinolin (50 ml.) chloric 
(4.0 ml.) 
p rified abs. None 5. 0 g. Pt black 7.5 98% 
thanol (50 ml.) 
1 No Hydrogen absorbed 
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T.ABLE II (Continued) 
i Solvent Acid wt. of Catalyst Time Yield 
i Added Sample ( hrs~) 
I 
hrified 95% Acetic 5.0 g. Pd black 89% ,, 
'ethanol (50 ml.) (3~0 ml.) 
I 
I 
hrified abs. None 5.0 g. Pd black 5.0 88% 
'ethanol (50 ml.) 
! 
I 
78% ~rified 95% Acetic 5.0 g. Rh black 5.0 
'ethane 1 (50 ml. ) ( 3v 0 ml. ) I . 
I 
~rified abs. None 5 .. 0 g. Rh black 7~5 81% 
;ethanol (50 ml .. ) 
i 
es not differ significantly from many o~her such reductions, 
interrupted at this point until the next morning. When 
stirrer was started the following morning no more hydrogen 
hown by the persistence of the iodine colorQ The remainder 
the solution was distilled under reduced pressure in order 
:o remove most of the acetic acid. The residue weighed 8.1 
I 
i 
'rams and had a strong acetic acid odor. Fractionation of 
! 
'his material at 7 mm. pressure gave 0.4 gram forerun, 7.0 
rams of ethyl N-nitro-N..-methylcarbamate and o .. 3 gram of a 
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iscous residue. The foreun was largely acetic acid as evi-
;enced by its miscibility with water, its odor, its failure 
I 
iodine or Fehling's solution and its general appear-
,, 
The main fraction wa,s recognized as ethyl N-ni tro-N-
1 
1
methylcarbamate by its color, odor, boiling point ( 77-80° c. 
I 
1t 7 rom. pressure) and its refractive index (1.4390 at 24° C. 
compared to the literature1 value of 1. 4401 at 20° C.). 
The final fraction was a brownish viscous oil with a 
odor of the nitrocarbamate. It was insoluble in water, 
N hydrochloric acid and 6 N sodium hydroxide. It was sol-
l,ble in ethyl alcohol, diethyl ether, glacial acetic acid and 
: enzene. The oil was washed into a 200-ml. round-bottomed ,_flask 
1 ith ethyl alcohol, the.ethyl alcohol was removed by evapora-
.ion on the steam bath and. 100 ml. of concentrated. hydrochlo-
ic acid was added and the mixture was refluxed for two hours. 
hydrochloric acid was distilled off until the volume was 
1 
educed to about 10 ml. and the residue was poured into a 
:I 
pyrex evaporating dish and taken to dryness on the stee..m bath. 
I 
'I 
!rhe greyish solia_ so obtained weighed 0. 3 gram and wa.s dis-
1 ' 
solved in water for analysis. The aqueous solution did not 
I ~eact with iodine in the presence of excess sodium bicarbon-
I 
ate, with Fehling's solution nor with cupric sulfate. When 
treated with 40% sodium hydroxide the solution developed a 
~trong ammoniacal odor and reacted with potassium mercuri-
, 
I 
bdide; this was the equivalent to checking the reaction with 
lJ. W. Bruhlj Z. physik. Chern., 22, 388 (1897) 
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The remaining solutionl when treated 
: th sodium nitrite and dilute hydrochloric acid, gave some 
' I . . 
Jolution of gas. 
plid obtained was 
From these data it is believed that the 
I 
largely ammonium chloride and/or methyl-
" 
I Onium ChlOride. 
The use of Nessler's reagent, an alkaline solution 
~Hgi4 , as a qus~i tative test for ammonie. a...YJ.d as a quan-
. I . itative reagent for low levels of ammonia is well known and 
!he major details of this reaction have been t]:-t..oroughly in-
i l 
estigated and are, in general, well understood. The re-
I 
1
ction of Nessler's reagent with amines has also been studied2 
I 
' 
l 
I 
d it has been shown that nearly all amines will react but 
colorless, or nearly colorless, products. 
s a result of this it is possible to use this reagent to de-
ect ammonia in the presence of amines unless the amines are 
resent in very large quantities as compared to the ammonia. 
There is no report in the literature of any investiga-
of the reaction between Nessler's reagent and hydrazine 
1 M. L. Nichols and C. o .. Willits, J. P;m.. Chem. Soc., 
56, 769 ( 1934); H .. A. Liebhafsky and L. B. Bron..'ICJ Anar.-chem., 
o, 588 (1948). 
~ 2K. v. dharitshkov, J. ·Russ. Phys. Chern. Soc., 7, ~067 (1906); Chem. Abstr., ~· 1392 (1907). 
' 
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o : hydrazine derivatives. Although no extensive investiga-
t on of this reaction was undertaJren, in the course of the 
· ,alyses of the reduction products of several substrates the 
I 
' 
' 
c 'rresponding hydrazine compound was treated with this reagent 
! 
i : very dilute aqueous solution. In each case it was found 
t'at the reaction was exothermic and was accompanied by a 
l 
v!gorous evolution of gas and by the formation of a deep 
,j 
g ey or black precipitate. In view of the ease with which 
hl o.razine acts as a reducing agent and the oxidizing ability 
o, mercury(II) it seems quite reasonable to assume that the 
; 
I . P, ecipitate is metallic mercury and that the reaction with 
may be represented as: 
1 
~ 111 t- ~ 113' r 11 =: f l/dH---7 ~ u1 ° .,.. AI~ f ~o. i r- +'Ill.) a 
I 
I 
h fact, minute globules of metallic mercury have been ob-
I 
. :~rved in containers in which this precipitate has been 
I 
i ~lowed to remain undisturbed for some time. 
I 
,, 3. Isopropyl N-Nitro-N-isopropylcarbamate 
i 
I 
I 
r 
I 
I 
Isopropyl N-nitro-N-isopropylcarbamate was recrystal-
ized once from benzene to give a product melting at 38° C. 
his material was reduced as previously described, using each 
f three noble metal catalysts in order to obtain information 
,egarding their relative effectiveness for this reaction. In 
'ach case the theoretical amount of hydrogen was absorbed 
! 
'~though the times were three hours with platinum black, 
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proximately four hours with palladium black and slightly 
eight hours with rhodium black. ~he product in each 
was hydrolyzed by three evaporations with concentrated 
I , . 
'ydro chloric acid and the yield of isopropylhydrazine was 
( : H3 )J, C 110~ CA!{go;j)CH {CH7 J"L i- :? II;}. 
j Pt: > (cli3J~cii<J:J.cN{vii:J.)c.l({lHJ>JJ,;. J.ll.l<J 
Cc ' 3)~ CII<J~CN{A/HiJcl/{c.n:?)ru "f- IIC/ f ~~~a 
-~) (CH:/),_CI{dH+ C()Jt +(CII:r)~CIIJri/PII~- /le-i 
•etermined by titration with iodine. The pertinent data are 
I 
resented in Table III. 
i 
! 
TABLE III 
i 
I ~~ REDUCTION OF ISOPROPYL N-NITRO-N-ISOPROPYLCARBAVI:ATE 
I 
I 
~ I 
I 
I 
Solvent Acid 
Added 
wt. of 
Sample 
Purified 95% . Acetic 5.0 g. 
ethanol (50 ml.) (4.0 ml.) 
Purified 95% Acetic 5.0 g. 
ethanol (50 rol.) (4.0 ml.) 
Purified 95% Acetic 5.0 g. 
ethanol (56 ml.) (4.0 ml.) 
Catalyst 
Pt black 
Pd black 
Rh black 
4. Ethyl N-Nitro-N-benzylcarbamate 
Time 
( hrs. ) 
3.0 
4.0 
8.0 
Yield 
89% 
81% 
72% 
Dr. J. P. Mason supplied two grams of ethyl N-nitro-
~-N-benzylcarbamate (boiling point 145° C. at 4 mm. pressure), 
(for reduction. Two attemuts were made to reduce this nitro 
I -
bompound for the preparation of benzylhydrazine. In the first l . 
·, 
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e periment l.O gram of the compound was dissolved in 50 ml. 
I 
o' purified 95% ethanol, l.O ml. of glacial acetic acid was 
I 
~ded and the reduction was carried out using 0.2 gram of 
'I I . 
Ptatinum black. Reduction proceeded slowly and the theoret-
,1 . . 
ieal amount was absorbed in six and one-half hours. Hydroly-
i 
of the product with concentrated hydrochloric acid, in 
usual manner, gave a dirty grey solid. The solid was 
issolved in enough water to make 250 ml. of solution (volu-
! 
I 
~trio flask) and a 10 ml. aliquot was ta.lcen for iodometric 
I 
~tration. This sample was found to contain about 40% of 
I 
he theoretical amount of hydrazine. 
I jCc ll,r- Cit~ At{lflo:J.)cod- Ll H.r t:? H :L 
J ~ Cc ll.r CH:J. AI (J/H:J J co:!. c;), Hs- + 2 HJ.(J 
~c ll.r C.IIJ. N(kHJ) CdJ. c~ H.r + 1-IJ_<J fiiC/ / ~ c, ll.rC. HJ... #IINH~ -1-/c.l t-C.a~t .,.c~/l.rOII 
1 In order to obtain a larger sample for examination 
I 
,, he other one-gram portion of the nitrocarbamate was reduced 
I 
nder the same conditions with fresh portions of the same re-
I gents. The reaction was complete in four hours and hydroly-
1 
1is, in the same manner as before, gave a 98% yield of reduc-
t 
I 
ing material calculated as benzylhydrazi:ne. The aqueous sol-
I . 
'tions were evaporated to dryness with the addition of a few 
I 
rops of concentrated hydrochloric acid to avoid loss of 
olatile hydrazines. Extraction of this residue with absolute 
1 thanol left a solid which did not reduce io.dine. Evaporation 
f the alcoholic extracts gave a solid which had an analysis, 
on the usual iodomet~ic titration, corresponding to 
t for benzylhydrazine. These data would appear to show 
I 
there was no detectable cleav~ge of the benzyl group 
the rest of the molecule du,ring the hydrogenation. 
TABLE IV 
REDUCTION OF ETHYL N-NITRO-N-BENZYLCARB.Al:IATE 
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Solvent Acid Wt. of Catalyst Time Yield 
Added Sample (hrs.) 
juri fie a 95% 
'[ethanol (50 ml.) 
f 
Acetic 
( 1. 0 ml. ) 
. 1.0 g. Pt black 6.5 40% 
1Ul"ified 
1ethanol 
95% (50 ml.) Acetic 
1.0 
( 1. o ml. ) 
g. Pt black 4.0 98% 
i 
I 
5. Ethyl N-Nitroso-N-methylcarbamate 
The ethyl N-nitroso-N-methylcarbamate used in this re-
I 
.! earch was prepared according to the method in 11 0rganic Synthe-
: es 11 1 . Several different portions of this nitro so compound 
I ~>"ere prepared at different times as the instability of the I . 
I 
I 
ompound renders prolonged storage inadvisable. From each 
reparation the product was freshly distilled before use and 
nly the fraction boiling at 59-61° C. under a pressure of 
0 mm. was taken for reduction. 
In view of the relative simplicity end accessibility 
f this compound, ethyl N-nitroso-N~methylcarbemate was used 
lA. H. Blatt, 11 0rgenic Syntheses, II Collective Vol. II, 
John Wiley & Sons, Inc., New York, 1943, p. 464~ 
' 
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an attempt to determine the conditions which would be ex-
I 
i 
~cted to prove most satisfactory for the reduction of N-nitro-
/ ' 
b compounds. The conditions employed were the same as those 
I 
br the nitrocarbamates and the products obtained, when the ! . -
I 
elutions directly from the reduction apparatus were evapor-
.j 
ted to dryness, were tan solids. These solids were soluble 
I 
"n ethyl alcohol, benzene and ethyl acetate but insoluble in 
I 
I 
' 
tater end diethyl ether. They softened at temperatures rang-
' I 
:ng from about 80° to 100° C. and decomposed with blackening 
I 
I 
t temperatures in the range 115° to 120° C. Although these 
~ompounds were manifestly impure attempts at purification 
,I 
ailed. They could not be recrystallized from ethyl alcohol, 
I 
enzene, ethyl acetate, chloroform or methanol. Attempts to 
I 
ecrystallize material from each of the above solvents in I ~ 
i . he presence of diethyl ether also failed. Hydrolysis of 
I 
:he solid residues with hydrochloric acid gave methylhydra-
~ine hydrochloride mixed with ammonium chloride. The yields 
I 
~f methylhydrazine, as determined by iodometric titration, 
I . 
rere usually in the range 47% to 91%. 
i 
C~ fl.rOfl..CJI 1/Cll.s f IIA!o~ ~ C~ IIS'O:J.. CAI{AI") CH~ -t 1/:J..O 
C.l).. /l.rO~CIJ{Nd)C11.2 -1-J..h:~- P"f:> C~ ll,rOfJ..CAJ{I/11:~-)Cli.? tli;J..d 
;J.. H~O;}. CN (vH~) c113 -~- ll:~..o .,. HCI--7 r;:J.. Hs-dH +co~ t--~ C.~~.?NHN/1~- ~te~ 
I 
That it is necessary to he.ve acid present during the 
: eduction of this compound is shown by the reduction which 
! 
was attempted with platinum black as the catalyst and puri-
f ed 95% ethanol as solvent. In the absence of added acid, 
s was evolved shortly after the reaction started and re-
s1lted in a rapid increase in pressure in the apparatus. 
i 
1 en the reduction apparatus was opened a strong odor of 
I 
d azomethane was noted and the solution effervesced. 'l'hese 
olservations may be explained by the assumption that a small 
I 
a. ount of the ethyl N-nitroso-N-methylcarbamate was reduced 
tb give a small amount of the hydrazine compound (a tra..ce of 
I 
rducing material .was found after hydrolysis of the products) 
ich catalyzed the decomposition of the nitrosocarbamate to 
iazomethane. The diazomethane was then decomposed on the 
rface of the platinum black1 to give nitrogen and, probably 
olymethylene. 
i 
I / J hc.se.. • Jr iC;J... H.rOJ.. CAl c. NO C H_s ) C:L H~ all ~ co.l. r .f C "iNJ, 
The details pertinent to these reductions are pre-
ented in the data in Table V. 
6. Methylnitramine 
'l'he methylni traroine used in these experiments was pre-
by hydrolysis of ethyl N-nitro-N-methylcarbamate. One 
.ole ( 14 8 g.) of ethyl N -ni tro-N -methylcarbamate was refluxed 
eight hours with a solut·ion of 160 g. (4 moles) of sodium 
lF. 0. Rice and A. L. Glazebrook, J. Arn. Chem. Soc., 
2381 (19 34 ) . 
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TABLE V 
REDUCTION OF ETHYL N-NITROSO-N-METii""YLCARBAMATE 
Acid Wt. of Oatalyst Time Yield 
Added Sample (hrs.) 
I p ified 95% Acetic 5.0 g. Pt black 6 .. 0 91% I (50 ml.) (3.0 ml.) e hanol 
I 
Pu ified 95% Hydro- 5. 0 g. Pt black 5.0 85,% 
el hal'lol (50 ml.) chloric (4.0 .ml.) 
95% 
( 5'o ml.) 
None 5.0 g. Pt black Trace1 
None 5.0 g. Pt black 2.5 47%2 
ethyl Acetic 5.0 g. Pt black 4.0 87% 
(50 ml.) (3.0 ml.) 
' 
1! lGas evolved shortly after reaction started made 
·in, erruption necessary for safety. There was a strong odor 
ofjldiazomethane and the catalyst was brought to the surface 
of 1 the solution by effervescence. These observations may be 
ex,lained by the decomposition of ethyl N-nitroso-N-methyl-
c bamate by the small amounts of basic materials formed at 
th start of the reduction and catalytic decom:position of 
diazomethane on the surface of the platinum black. 
I 
2This corresponds to the hydrogen uptake which only 
ched 50% of the theoretical when the reaction ceased. 
li 
hy oxide in 1.5 liters of water. The solution, after reflux, 
II 
waii cooled to room temper~ture c9Jld me.de strongly acidic by 
ad ition of 500 g. (5.1 moles) of concentrated sulfuric acid 
in an ice bath so that the temperature remained 
be ow 30° C. The acidic solution was ext·racted with diethyl 
et 1 er in a continuous liquid-liquid e xtre.ctor for eight days. 
I. 
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e ether extract was removed and reple.ced with fresh diethyl 
ther at approximately twelve-hour. intervals. Distillation 
f the ether from the steam bath left a brown oil which solid-
i I 
·~ied upon being cooled in an ice bath. This material was 
I 
~stilled under reduced pressure and the fraction boiling at 
!o5° to 105° C. at 18 mm. was used for the reductions. On 
,foling, this material solidified and had a sharp melting 
'oint of 37.5° C. A yield of 55.5 grams (74% of the theo-
etical amount) was obtained. The literaturel reports that 
ethylnitramine melts at 380 C. 
I 
~~ hs-o~CAI(AIOJ) Cll.f + .SAto.OI/ -~) C.J. H.r<J/1 +Jfa• co..? 
I + CH.:;>AINOJ. A/a. + 1{:!0 
I 
CII.7NAIO:J.Nca. + No:lso.y ~ Cd.rNNN.o~ -t-,Va,_Sdy 
When methylnitramine was reduced undBr the usual con-
there was obtained methylhydrazine in fairly good 
Reduction of methylnitramine was attempted in isoamyl 
cohol as is indicated in the data presented in Table VI. 
in this solvent were decidedly inferior to the 
1ields obtained in the more usual solvents: ethyl alcohol 
d glacial acetic acid. It was noticed that when the isoamyl 
lA. P. N. Frsnchimont and E. A. Klobbie, Rec. trav: 
him., 7, 354 ( 1888). 
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was used the catalyst had a marked tendency to form 
lumps which were not adequ~tely distributed-through the re-
~ction mixture ·with the most vigorous stirring available 
i :pom the magnetic stirrer. These clumps of catalyst had a 
i 
:fndency to deposit on the sides of the bottle, an effect 
I 
v hich removes the catalyst from the reaction. This phenom-
i pon was shown to be due to the formation of water by the 
! . 
:.eduction--the water not being soluble in the alcohol forms 
, oplets on the surface of. which the catalyst was selectively 
'I - . 
dsorbed. The addition of solvents miscible with water elim-
·hated the tendency of the catalyst to clump and slightly 
·~proved the yield. An attempt was made to avoid complica-
\ions due to the formation of water by the direct addition 
I 
' gel to the reduction mixture with the idea that the 
,ilica v7ould function as a dehydrating agent. This did not 
I 
id the reaction as the catalyst was adsorbed on the surface 
:f the silica wh1ch in turn formed clumps in the mi~ture. 
I All neductions of methylnitramine were carried out in 
'ssentially the same manner as the reductions previously des-
except that isolation of the product was made by acid-
the reduction mixture with an excess of sulfuric acid. 
product was obtained by evaporation neexly to dryness and 
product was purified by recrystellization from 80% ethyl 
'lcohol in order that its identity could be established by · 
I 
elting point determinations. The material so obtained 
· elted at 141° to 142° C. and showed no depression of the 
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elting point when mixed with an authentic sample. The yield 
.btained from the· reduction was determined by titration of an 
I 
! liouot of the reduction mixture. : The methyThydrazine sul-
, -
1
ate recovered in the pure form rarely exceeded 75% of the 
I 
'mount indicated by titration because of the inevitable 
I 
'losses involved in the manipulation of small amounts. 
·ine 
I 
I 
I 
'I 
! 
The data pertinent to the reduction of methylni tra-
are presented in Table VI. 
7. Cyclohexylnitramine 
Cyclohexylnitramine which melted at 5~ C. was obtained 
Dr. J. P. Mason and was reduced using the same conditions 
is those previously described. One gram of cyclohexylnitra-
i 
'ine was dissolved in 95% ethanol which had been purified by 
1
reatment with Raney nickel; 0.2 gram of platinum black was 
kdded end the mixture stirred magnetically in an atmosphere I . 
; f hydrogen. The theoretical amount of hydrogen was absorbed 
I 
after five hours. The platinum black was removed from the 
I 
lc " . , It Pt " 
: 6 rr11 U#A/O;J., 7- ...s Na.; -? C, l"IIJNH/IH~ +J,II:kO 
I 
i 
solution by filtration and the solution WaS acidified With 
i 
concentrated hydrochloric acid and teken to dryness on the 
steam bath. The resulting solid was dissolved in 250 mlw of 
ll'ater and an aliquot was titrated with standard iodine. The 
i 
I 
: ield of cyclohexylhydrazine hydro chloride was found to be 
i 
89%. 
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TABLE VI 
REDUCTION OF :METHYlNITRAMINE 
Solvent Acid wt. of Catalyst Time Yield 
Added Sample (hrs.) 
urified 95~~ Acetic 5.0 g. Pt black 5.0 98% 
iethanol (50 ml. ) (4.0 ml.) 
lacial acetic None 5.0 g. Pt ble.ck 4.5 97% 
, acid (50 ml.) 
urified 95% None 5.0 g. Pt black 6.5 91%1 
ethanol (50 ml.) 
istilled.water None 5.0 g. Pt black 4.0 Trace 
(50 ml.) 
·istilled water Acetic 5.0 g. Pt black 7.0 17% 
i (50 ml. ) (4.0 ml.) 
'istilled water Hydro- 5.0 g. Pt black 7.0 8,% 
J (50 ml. ) chloric 
I ( 3.5 ml.) 
I 
I 84%2 urified isoamyl Acetic 5.0 g. Pt black 3.0 
:(alcohol (50 ml.) ( 4.0 ml. ) 
62,%3 urified isoamyl Sulfuric 5.0 g. Pt black 7.5 
I elcohol (50 ml.) (4.0 ml.) 
I 78%4 urified isoamyl Acetic 5.0 g. Pt black 8.5 
i alcohol (50 ml.) ( 4. 0 ml. ) 
I 
, urified 95,% Acetic 5.0 g. Rh black 15.5 72% 
i ethanol (50 ml. ) ( 4. 0 ml. ) 
1Absorption rate decreased greatly when half of the 
. ydro gen had be en taken up. 
2catalyst tended to clump badly; hydrogen was absorbed 
rery slowly and absorption stopped at 90% of the theoretical. 
I 
! 37.5 g. activated silica gel e.dded. 
! 
I A. . 
-10.0 ml. 1,4-dioxane added. 
! 
' 
' 
Solvent 
~rified 95% 
;ethanol (50 ml.) 
I . ci 
urified 95;o 
:ethanol (50 ml. ) 
I 
urified 95% 
\ethanol (50 ml.) 
I 
l~rified 95% · ethanol (50 ml.) 
,1urified 95% 
'I ethanol (50 ml.) 
,I _,J 
·urified 957& 
/ethanol (50 ml.) 
i . 
urified 95% 
!ethanol (50 ml.) 
I 
iurified 95% 
1ethanol (50 ml.) 
I 
I 
I 
i 
TABLE VI (continued) 
Acid 
Added 
Acetic 
(4.0 ml.) 
Wt. of 
SampP-e 
5.0 g. 
Acetic 5. 0 g. 
(4.0 ml.) 
Acetic 
(4.0 ml.) 
Acetic 
( 4. 0 ml.) 
Acetic 
( 4. 0 ml. ) 
Acetic 
(4.0 ml.) 
·Acetic 
(4.0 ml.) 
Acetic 
( 4. 0 ml.) 
5. 0 g. 
5. 0 g. 
5. 0 g. 
5.0 g. 
5. 0 g. 
5. 0 g. 
Catalyst 
Pt black 
pt black 
Pt black 
Pt black 
Pt black 
Pt black 
Pt black 
Pt black 
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Time Yield 
(hrs.) 
ll.O 
8.5 
7.5 
6.0 
5.0 
5.5 73~ 
3.0 
I 1 Reduced at 0° to 5° C.; 
a long induction period. 
reduction was very sl_ow and 
1
ad 
I 
l 
I 
i 
'han 
2 Reduced 
3Reduced 
usual. 
4Reduced 
at 10° to 20° C.; reaction was very slow. 
at 20° to 30° C.; reduction somewhat slower 
at 300 to 4o'° C. 
5Reduc ed at 40° to. 50° C. 
6Reduced at 50° to 60° 0,; some decomposition occurred. 
7Reduced at 60° to 70° C.; products isolated were mostly 
onia and methylamine. 
8Reduced at 70° to 80° C.; reduction led to evolution of 
and resulting increase in pressure. 
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TABLE VI (continued) 
I Acid. Wt. of Catalyst Time Yield :
1
Solvent 
'I Added Sample ( hrs. ) 
95% 
.. 
78% jurified. Acetic 5.0 g. Ru on 6.5 
:ethanol (50 ml. ) · ~. ( 4. 0 ml. ) alumina. 
urified 95% Acetic 5 .. 0 g. Pd on 3.0 83% 
I (50 ml. ) ( 4:. 0 ml. ) charcoal )ethanol 
, urified 95% Acetic 5.0 g. Pd on 7.0 89% 
ethanol (50 ml.) ( 4. 0 ml.) alumina 
! 
urified 95% .. Acetic 5.0 g • Pt on 2.0 92% 
I ethanol (50 ml.) . ( 4. 0 ml~) charcoal 
i 
urified 95% Ac.etic 5.0 Pt on 5.0 96,% I g. 
ethanol (50 ml.) (4.0 ml.) alumina 
urified 95% None 5.0 g. Pd on 4.0 80% 
,j ethanol (50 ml.) charcoal 
. d 90% urified 95,t> None 5.0 g. Pd on 4. 5 
ethanol (50 ml.) alumina 
8. Benzylnitre~ine 
A small sample ( 1.'47 g.) of benzylnitramine which 
elted at 37.5-38° C. Was supplied by Dr. J. P. Mason. The 
'iterature value for the melting point of this compoundl is 
C. This material was reduced by dissolving it in 50 
1. of purified 95% ethanol) adding 4.0 ml. of glacial acetic 
acid and 0.2 g. of platinum black and stirring under hydrogen 
for three and one-half hours. During this time the solution 
lJ. Thiele, Ann., 376, 256 (1910). 
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112% of the theoretical amount of hydrogen. \v.hen 
i· 
I P~ i 6 fl_rCII~A!IINoa._ t-511~  ~ H.rCHi 1/HA/11.._ t 2H~<J 
I 
.his semple was evaporated to dryness after treatment with 
oncentrated hydrochloric acid there was obtained a greyish 
olid which was dissolved in water and an aliquot of this 
I 
I 
'e.terial was titrated with iodine. The yield of reducing 
,aterial, calculated as benzylhydrazine, was found to be 96%. 
I 
reatment of the aqueous solution with benzaldehyde led to 
I 
he separation of a small quantity of yellow crystals which 
ere then recrystallized from ethanol and the melting point 
I 
1
as determined~ The product crystallized in the form of 
I 
~ellow needles which melted at 92° to 92.5° C. and showed no 
epression of the melting point when mi.x:·ed with an authentic 
e.mple of benzalazine. This would appee..r to indicate., espec-
(9_lly when considered in conjunction with the abnormal uptake 
'I c, H.r cul-Pll Pila.. .,. u,_ ~ c, U.rc 11, + PJ.(vll;_ . · 
~ C& N.rliiO .J. A/II:J NHo. ~ f.~!rCH = 11-Q::::C.I/ C&!l.r + J.li:J.O 
f hydrogen, that at least part of the benzylhydrazine formed 
uring the reduction underwent hydrogenolysis. 
9. Ethylene-bis~nitramine 
Ethylene-bis-nitramine was prepared from N,N 1 -di-
itro-N,N1-diacetylethylenediemine by hydrolysis. A solu-
' I . 
.. ion of 20 grams of sodium hydroxide (0. 5 mole) in 100 ml~ of 
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w ter was refluxed with 23.4 grams (0 •. 1 mole) of the N_,N 1 -
-;initro-N,N 1-diacetylethylenediamtne which had a melt~ng 
I . 
p 1 int of 84° C. The solution became homogeneous after approx-
: I . 
i ately six hours but the period of reflux was extended another 
i tva hours to ensure complete reaction. The hydrolysate was 
I C·oled in an ice bath and made strongly acidic by the slow 
I 
a
1
dition of 50 grams of concentrated sulfuric acid. The acid 
i 
w
1 s added, with vigorous stirring, a~d the temperature was 
I 
I 
k~pt below 30° c. This 
I 
/Ha_ tJ{N01 ) C(JCJ/.7 
I: . +'I !VIi. o H 
c. I~ JV {No1 ) C<l C H:~ I 
c.~,_NL1to1)- Na.+ 
I IJ .,. H,_ .SOq 
c ~ Ai(.No~.)- No...,. 
,: 
solution was extracted with four 
c U:J..- Af(po!Lr Afq..,. ~ :J. c H2 cGJ. N« 
-----.;~- I · + ~ 11:l.o 
Clla._ -N{AIO!JJ Alo.<t 
C II~JIIIIVO~ 
} I · + Afo,
11 
Sol/ 
c J.ll. N JI#O-. 
5:-ml. portions of diethyl ether. Evaporation of the ether 
I 
f 1 om the solution, which had b:een 
llft a brown oil. which Was talr.:en 
dried over calcium chloride, 
I 
up in an equal volume of 
; 
l J.ethyl ether and chilled in the ice box over night. The 
I 
I 
ethylene-bis-nitramine was deposited in the form of color-
! ~ss platelets which had a melting point of 173° to 174° C. 
I 
rom 23.4 gra.ms of the starting material there was obtained 
i 
l. 42 grams of product corresponding .to a yield of 9. 5%. 
Reduction of ethylene-bis-nitramine was attempted in 
. rifled 95% ethyl alcohol in -the presence of acetic acid 
~ing platinum black as a catalyst. The filtered alcoholic 
l 
blution was made acidic with concentrated hydrochloric acid 
I d , t cl t ..::~- th t · b th mit ti f evapora e o u.~.·yness on · e s eam a • ..t: ra on o a 
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of the tan solid which was left indicated a yield of 
5~% based on the assumption that t~e product was ethylene-bis-
1 
hydrazine. The quantity of mater~al produced was too small 
'I 
I . 
. o allow further investigation of its identity. Ethylene~ 
i 
I 
bis-hydrazine has not been reported in the literature. 
10. Methyl ammonium Salt of Methylni tramine 
The methylammonium salt of methylni tramine was pre-
by refluxing 3 moles of ethyl N-nitro-N-methylcarba-
with a lOO% excess of aqueous methylamine (30%). The 
layer of ethyl N-methylcarbamate was separated and the 
solution was extracted once with a small amount of 
ether in order to remove most of the ester from the 
;oom temperature for two days and the remaining water was 
I i emoved by storage of the oily residue in a desiccator over 
I 
alcium chloride for seven days. The residue was next taken 
p in an equal volume of ether; the solution was filtered end 
ooled in the refrigerator over night. A crop of crystals 
.f the methylammonium salt of methylnitramine melting at 
• 50 to 87° C. was obtained. The yield was 54%. 
Reduction of the nitramine salt proceeded smoothly 
hen the usual solvents were used and gave excellent yields 
1 f methylhydrazine :::ts shown in Table VII. The ready solubil-
p 
p 
D 
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of the salt in water led to an attempt to reduce this 
in aqueous solution but the attempt vras unsuccess-
i 
both in the presence and absence of acetic acid. 
I TABLE VII 
i EDUCTION OF THE METHYL.Al1MONIUM. SALT OF METHYLNITRAMINE 
. olvE:mt Acid Wt • of datai.yst Time Yield 
I Added Semple (hrs.) I 
I 
acial acetic None 2.0 g. 
: cid (50 ml.) 
Pt black 5.0 96% 
· rified abs. Acetic 2.0 g .. Pt black 7.5 98% 
I 
thanol (50 ml. ) ( 3. 0 ml.) 
i . . 2.0 black 98% rified 95% Acetic g. Pt 4.0 
'thanol (50 ml. ) ( 3. o ml.) 
:J 
. stilled water None 2.0 g . Pt black 8.5 None1 
. {50 ml.) 
D 
·I 
. stilled water Acetic 2.0 g. Pt black 8.5 None1 
(50 ml.) ( 3. 0 ml.) 
I 
I 
1 No hydrogen was absorbed. 
11. Isopropylammonium Salt of Methylnitramine 
The isopropylammonium salt of methylnitramine was pre-
by neutralization of methylnitramine (37.5 grams, 0.5 
m, le) ~ with aqueous 33% isopropylamine. The amine was added 
til the solution had a strong odor indicating the presence 
an excess of isopropylamine. The solution was evaporated 
a desiccator over calcium chloride and the resultant solid 
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as recrystallized from diethyl ether. A yield of 50.4 grams 
:97% of the theoretical amount of salt) of the isopropylam-
onium salt of rnethylnitramine which had a melting point of 
to 92° C. was obtained. 
I Two reductions were carried out on portions of this 
I I 
·aterial and were very successful as will be seen from the 
., 
I 
I 
I 
,, 
i 
ata in Table VIII. 
TABLE VIII 
,I 
. EDUCTION OF THE ISOPROPYLAMMONIUM SALT OF ~:iETHYLNITRAMINE 
I !Solvent 
urified abs. 
J ethanol (50 ml. ) 
lacis~ acetic 
acid (50 ml.) 
Acid 
Added 
Acetic 
(4.0 ml,.) 
None 
Wt. of 
Sample 
2.0 g. 
2.0 g. 
12. N-Nitrodimethylamine 
Catalyst 
Pt black 
pt black 
Time Yield 
(hrs. ) 
6.5 lOO% 
2.0 97% 
A sample of N-nitrodimethylamine, obtained from W. R. 
rowne, was reduced in 95% ethanol by the method previously 
escribed. That the starting material was pure was sho\vn by 
its melting point of 58° C. which agrees with the literature 
alue1 • Although the reduction appeared to pursue its normal 
pour·se the product would not reduce iodine and was found to 
e a mixture of dimethylamine and ammonia. The presence of 
ammonia was establiShed by the reaction of a few drops of 
1A..' P. N. Franchimont, Rec. trav. chim., 3, 224 (1884). 
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he solution with Nessler f s reagent which gave the character-
! 
lstic brown of ammonia and not the grey to black produced 
i th hydrazines. (An authentic sample 6'f N,N-dimethylhydra-
was tested with Nessler 1 s reagent in order to ascertain 
it gives the typical reaction with this material.) The 
, resence of dimethylamine was established by evaporation of 
I portion of the alcoholic product with hydrochloric acid 
d treatment of the solid.obtained with a saturated solu-
1 
. ion of sodium nitrite. A small quantity of oil appeared and 
i 
I 
(cH7 ):J_NII·IICI -t Alrtllo:J.. > (cu:?),A!NO t- HJ.O fA'tiC/ 
isolated. This was identified as N-nitrosodimethylamine 
The liter-and boiling point of 150° to 152° 0. 
' I 
ature value for the boiling point of w.:...nitrosodimethylamine 
i 
I 0 1 is 148.5 0. . 
i 
I The possibility that fission of the N-N bond in the 
1 
ydrazine was produced by the acti:ve platinum catalysts orig-
1 
tnally used was checked by the use of other less active mater-
ials. Rhodium on carbon and on alumina were both tested and 
were shown to reduce this compound although they were much 
less active than the platinum black and required nearly four 
I 
~imes as long for the same consumption of hydrogen under sim-
: 
lE. Renouf, Ber., 13, 2170 (1880). 
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lar conditions. Even with these less active catalysts only 
! 
monia and dimethylamine ~ere is~lable as products even when 
:he reaction was interrupted after only 50% of the theoretical 
I ount of hydrogen had been consumed. 
:I 
I 13. N-Nitrodiethylamine 
! A sample of N-nitrodiethylamine Which had a boiling 
I 
oint of 93° C. at 15 mm. (the corresponding literature value 
j 
s 93° C. at 16 mm. 1 ) was obtained from W. R. Browne and re-
I 
uced in ethanol under the same conditions as the N-nitrodi-
1ethylamine discussed above. As in the case of the dimethyl 
I 
1 c .1- ~~.r) .l.. ""..v o .l. t- 1111:l. ~ ( c.J. ~~s-J 2.. p u. ~ ~~~3 .f 216, o 
I 
i 
compound, the reduction gave only the fission products. The 
I resence of ammonia and diethylamine was demonstrated in the 
il . flame manner as for the reduction o:f the dimethyl compound. 
I 
! ( c;), lf.r]:LJI/:1 t HAlo:~- ·. > ( e,J..!Ir),_ A!Aio t- H~o 
The N-nitrosodiethylamine was recognized by its odor and boil-
ing point. This preparation boiled at 174° to 175° C. as 
compared to the literaturf3 value of 176.9° C. 2 No NJN-
~diethylhydrazine could be demonstrated to be present in the 
I P-6, · 
1 Umbgrove and A. P. N .. Franchimont, Rec. trav. chim.~, 
396 (1897). --
i 
2Geuther a.nd Kreutzhag.e, Ann., 128, 151 ( 1863). 
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roducts by either the iodine test or by Nessler's reagent. 
14. Dicyclohexylnitramine 
i 
1 The dicyclohexylni traroine used in this research was 
I 
Upplied by w. R. Browne and had a melting point of 133° to 
! 
134° C. As indicated in Table IX several reductions of this 
I !itrarnine were carried out and all were unsuccessful. No 
I 
I 
;rnditions were found in which any products other than 
I 
/( c,6 1!11 )3, At,Vo,_ + I.IH:J.. ~) ( G611")f'll f Arll:~ -t- J.I/J.o 
I 
l 
icyclohexylamine and ammonia could be isolated from the 
i 
'· /J..nal solution. The identities of the products were estab-
'ish~d by odor and by the failure of the solution, after re-
I 
,uction, to reduce iodine or to produce the characteristic 
rey to black color with Nessler 1 s reagent. The dark brown 
'recipitate which is characteristic of the reaction of Nesslerls 
1
eagent vli th ammonia was produced.· 
! 
That cleavage was not due to a failure to halt the 
1
eaction at a point corresponding to absorption of the theo-
,, 
I 
,etical amount of hydrogen is shown by those experiments, 
i 
indicated in the table, in which the reduction was interrupted 
hen considerably less than the theoretical absorption had 
ccurred. From these data it is evident that one of two po s-
'ibilities must have occurred;· either (a) the nitro group was 
ndeed reduced to the amine but the resulting hydrazine was 
I 
i 
: eadily cleaved under the conditions prevailing during the 
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eduction or (b) cleavage of the N-N bond occurred at some 
ntermediate stage during the reaction. 
TABLE IX 
REDUCTION OF DICYCLOHEXYLNITRAiviiNE 
•1Solvent Acid Wt. of Catalyst Time Yield 
I Added Sample (hrs.) 
urifiecl 95% Acetic 5.0 g. Pt ble.ck 4.0 None1 
ethanol (50 ml. ) (3.0 ml.) 
urifiecl abs. Acetic 5.0 g. Pt black 6.5 None2 
·ethanol (50 ml.) ( 3. 0 ml. ) 
urified abs. None 5.0 Pt black 4.0 None 1 g. 
·ethanol (50 ml.) 
urifiecl 95% None 5.0 Pt black 5.5 2 g. None 
1 ethanol (50 ml.) 
I 
i lacial acetic None 5.0 g. Pt ble.ck 8.0 None2 
: acicl (50 ml. ) 
i 
1Recluction stoppecl at 50% absorption but ammonia end 
were found. 
2The theoretical amount of hyclrogen was absorbecl but 
nly amine end ammonia were founa. as products. 
15. N-Nitromorpholine 
N-Nitr?morpholine was obtained from Dr. W. R. Browne 
nd two recluctions were attempted. In each case 5.0 grams 
:f the compound wa;s ·dissolved in 50 ml. of purified 95% 
I 
I 
thyl alcohol and 0.2 gram of platinum black was used as the 
I atalyst. In the first attempt no acid was adcled to the mix-
ure end in the second case 4.0 ml. of glacial acetic acid 
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1; as employed. In both cases the reduction consumed approx-
mately one and· one-third times the theoretical amount of 
:ydrogen e.nd the products which were isolated consisted only 
,f morpholine hydrochloride and ammonium chloride; no trace 
if the hydrazine compound could be detected by the usual 
i 
I 
est vJith iodine. The presence of morpho line in the product 
"" C ~~~ C. !:I,_\ · Pt 
o I Nuo 1-f/11;). ) 
"- C H~ CHl- ).. 
as established by dissolving the hydrochlorides, formed when 
1
he reduction solution was treated with hydrochloric acid and 
I 
1
vaporated to dryness on the steam bath, in 40% sodium hydrox-
1 
de solution The liquid which separated was removed with the I . 
· id of a medicine dropper and dissolved in 95% ethyl alcohol. 
I 
reatment of this solution with saturated picric acid in 
I jthanol led to the precipitation of morpholine picrate which 
was recognized by its melting point of 147.5° to 148° C. and 
failure to show a depression of the melting point when 
.· ixed with an authentic sample of morpho line picrate. The 
~iterature reports that this picrate melts at 146° to 148° c. 1 
16. Hexahydro-1,3,5-trinitro-s-triazine 
Hexamethylene tetramine dinitrate was prepared by dis-
,solving 40 grams of hexamethylene tetramine in 70 ml. of water 
:ana adding 43.5 ml. of 70% nitric acid with efficient cooling 
1send~ Ber., 34, 2908 ( 1901). 
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n an ice-salt bath so that the temperature was kept well be-
.ow 15° C. After being allowed. to stand undisturbed for an 
~ddi tional five minutes at a tempe3rature of about 5° C. the 
rystalline dinitrate was filtered. off and dried at room 
! 
i 
1
emperature for several days. A yield of 69.8 grams (92%) 
I 
f hexamethylene tetramine dinitrate was obtained. 
' i 
I 
I ; C H~J, 
I 
I 
I 
I 
I 
' 
I 
i 
A 2-liter 3-necked round-bottomed flask was fitted 
to 15° C. To this mixture there was added very cautiously, 
;n small portions, a total of 100 grams of a mixture consist-
tng of 64 grams of the hexamethylene tetramine dinitrate and 
,. 
I 
I 
!6 grams of dried ammonium nitrate. The rate of addition was 
i 
.djusted to maintain a temperature of 70° to 75° C. in the 
lask at all times. After the addition was complete; approx-
three hours having been required, the slurry was 
tirred fifteen minutes and then allowed to cool to room tem-
erature·, a process which required an additional two hours. 
he mixture was filtered and the moist solid placed in 100 ml. 
;f 55% nitric acid which had been heated to 70° C. After one 
I 
i 0 
'our at 70 the suspension was again filtered and the solid 
as rinsed with a little additional 55% nitric acid. This 
'70 
i 
:exehydro-l,3,5-trinitro-s-triazine was dried on filter paper 
t 
I 
:2 grams, a yield of 56.6% based on the original hexamethylene 
1
etramine. This is essentially the method described by Bach-
l 
ann and Sheehan . 
The very limited solubility of hexahydro-l,3,5-trini-
1
ro-s-triazine in most solvents presented serious complica-
.1 
rions so far as its catalytic reduction was concerned. The 
i 
i 
I 
nly solvent in which this compound is appreciably soluble is 
:-nitropropane which is manifestly unsuitable as a solvent for 
.he reaction due to its ready reduction to 2-aminopropane in 
i 
ere completely unsuccessful. It is believed that the fail-
, e to absorb hydrogen is attributable to the very small 
I 
amount of material which was in solution under the conditions 
employed. 
1 lw. E. Bachmann and J. C. Sheehan) J. Am. Chern. Soc., 
:~ l842 ( l949) • 
I 
I 
'71 
TABLE X 
REDUCTION OF HEXAHYDR0-1,3,5-TRINITRO-s-TR~ZINE 
!Solvent Acid Wt. of Time Yield Catalyst 
I Added Sample (hrs.) 
,urified ethyl Acetic 2.22 g. Pt black 4.0 
iacetate (50 ml.) (3.0 ml.) 
I 
I 
urified pyridine Acetic 2.22 Pt black 4.0 g. 
(50 ml.) (3. 0 ml. ) 
urified pyridine Acetic 
j (50 ml.) (3.0 ml.) 
2.22 g. Pt02 4.0 
lacial acetic None 2.22 g. Pt black 4 .. 0 
!acid (50 ml.) 
I 
.urified ethyl Acetic 2. 22 g. Pt black 4.0 
·acetate (50 ml. ) (3.0 ml.) 
1 Less than 1% of the theoretical hydrogen was 
bsorbed. 
17. N-Nitrosodimethylamine 
·None1 
None 1 
None1 
None1 
None1 
I tirrea. vigorously while being maintained at a temperature 
i 
1f '70° to '75° C. on a water bath. After the reaction was 
I 
:omplete the mixture was distilled to dryness and the distil-
e.te was se_turated with potassium carbonate to 11 salt outll the 
?2 
N ni trosodimethylamine. The oily upper layer was separated 
aqueous layer was extracted with three portions of 
ether. The combined nitrosoamine and ethereal ex-
racts were dried over anhydrous potassium ce.rbonate and 
~stilled at 756 mm. The product bo.ileo. at 142° to 145° C. 
I 
i 0 ·~ 750 mm. which compares with the literature value of 148. 5 
i. at 724 mm. 1 
I A number of reductions of the nitro soallline were 
'ttempted and in each case reduction proceeded smoothly but 
I 
nly dimethylamine and ammonia could be isolated from the 
I 
i 
lixture. In no case was there any indication that N;N-di-
,ethylhydrazine was present in the mixture; the solution 
I 
lcH7J,_Aiud + :?/I~ Pt) (cttj)iNII -1- ltllg t-ll~tJ 
I 
I 
I 
'id not decolorize iodine and it did not give the grey to 
. I 
I 
'lack precipitate With Nessler's reagent. The presence of 
'imethylamine end of ammonia were demonstrated by the re-
ction with Nessler's reagent, which gave a brown precipi-
ate, end by the prepa~ation of N-nitrosodimethylamine by 
reatment of the solid hydrochlorides obtained by evapora-
ion of the filtered reduction solution after acidification 
hydrochloric acid with warm, saturated sodium nitrite 
elution. The nitrosoamine Was recognized by its odor •. 
lE. Renouf, Ber. 13, 2170 (1880). 
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18. N-Nitrosodiethylamine 
The N-nitrosodiethylamine used in this experiment was 
:repared by the same method as that described for N-nitroso-
imethylamine. An aqueous solution containing one mole of 
' I I 
.iethylamine was used to dissolve 82.8 grams (la2 moles) of 
I 
'odium nitrite. This solution was treated with an excess 
i 
. ! . 
,!approximately 1.5 moles) of hydrochloric acid. During the 
1ddition of the concentrated acid the mixture was maintained 
I 
't a temperature of '70° to 75° C. on a water bath end was 
I 
I 
tirred vigorously. Upon completion of the reaction the 
i 
olution was distilled to dryness and the distillate was ! . 
I 
•, 
, l-:J-1/r- J:LN/1 + tVIl A/O~ t- Ill/ .,.._. ~> ( c..l. H.s-JJ. AI A/() + 16.. d r /Vo.cl 
! 
' 
I 
'aturated with anhydrous ·potassium carbonate to reduce the 
i 
,olubility of the product. The oily layer of product was 
I 
:eparated and the aqueous solution was. extracted vTi th three 
ortions of diethyl ether. The ethereal extracts and laYer 
I 
'f nitrosoamine were combined and distilled at atmospheric 
ressure. The N-nitrosodiethylamine obtained by this process 
l 
istilled at 174° to 175° C. as compared with the reported 
'alue1 of 176.9° C. 
Reductions of this compound were studied in 95% 
thanol and in ethyl acetate. In both solvents reductions 
i ere carried out both in the presence of 4. 0 ml. of added 
I 
I 
lGeuther and Kreutzhage, Ann. 301, 6 ( 1898). 
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ccetic acid and in the absence of any added acid. Platinum 
lack was used for the first series of four reductions and 
' 
i iuthenium on alumina was used for a second series of four 
I ~eriments. In each case hydrogen was absorbed but the 
I 
'I 
:eductions did not cease after the theoretical amount of hy-
' I 
ogen required for simple reduction of the nitroso group to 
i 
amino group had been absorbed. Although the reductions 
11 ;ere interrupted after an amount of hydrogen only slightly 
·~ excess of the theoretical amount had been consumed the 
I 
' 
roducts found were only the cleavage products, diethylamine 
·I 
:I 
1 c.~ H,s J~ AIAIO -r.? lid.. fi > ( c,J. 1-/r )J. ddl t Nil:? -1- II~ a 
d ammonia. Identification of these materials and demonstra-
1 
'ion of the absence of any hydrazine were carried out as des-
in the case of the reduction of N-nitrosodimethylamine. 
19. N-Nitrosomorpholine 
N-Nitrosomorpholine was- prepared by nitrosation of 
:orpholine in exactly the same manner as described for N-ni tro-
, 
Odimethylamine and N-ni trosodiethylamine. From one mole of 
I 
I 
orpholine there was obtained 0.87 mole of the desired N-nitro-
o 
omorpholine which boiled at 135 0.. at 51 mm. A small por-
ion of this material was distilled at atmospheric pressure 
, cl boiled at 228° 0. as compared With the ·11 terature value 
I if 224° to 224~5° o. 1 
l L. Knorr, Ann., 301, 6 ( 1898). 
?5 
Three separate five-gram portions of this nitroso-
were reduced 1nth the use o~ platinum black catalysts. 
I 
he solvents used were glacial acetic acid and also purified 
:5% ethanol, the latter both with and without the addition of 
:1 I 
.0 ml. of glacial acetic acid. Although hydrogen was ab-
orbed no trace of a hydrazine derivative was found in the 
roduct. The presence of morpholine was demonstrated in 
/ C H~ CII::J- \ Pt 
I Nft/0 t- :? II~ --~.!) \ c tl;_ c 11,.. 
of the three reduced mixtures by precipitation of the 
when these were treated with a satura~ed alcoholic 
.elution of picric acid. After recrystallization from 95% 
thanol the picrates all melted in the range 14?0 to 148.5° 
i 
!· and showed no depression of the melting point when·mixed 
: 
'ith an authentic sample of morpholine picrate. Sandi has I . 
: eported that this compound has a melting point of 146° to 
:48° c. 
;I 
I 
20. N,N 1-Dinitro-N,N 1-diacetylethylenediamine 
A 50% aqueous solution of ethylene diamine sufficient 
o contain one mole (60 grams) of the amine, as determined 
y titration with standard.acid, was mixed with 250 ml. of 
ater in a round-bottomed, 3-nBcked one-liter flask which 
I sand, Ber. 34, 2908 (1901). 
?6 
fitted with a mechanical stirrer, a reflux condenser and 
separatory funnel. In this solution, with cooling, there 
;as dissolved 100 grams (2.5 moles) of sodium hydroxide. A 
I 
iolution of 255 grams (2~5 moles) of acetic anhydride in 
I . . 
00 ml4 of diethyl ether was added slowly while the contents 
I 
· f the flask were stirred vigorously and cooled by partial 
mmersion of the flask in an ice bath. The rate of addition 1 . 
as controlled so that the temperature within the flask was 
[ 
:aintained at about 5° to 10° C. After all of the acetic 
1 
ydride solution had been added stirring was continued for 
CII~NHCOc.HJ 
I 
C f/2. tf/Hc~ C 1/7 
crude amide, obtained as above, was nitrated by 
method of Curry and Mason1 . The ni troamide was purified 
y recrystallization from ethanol and, after two crystalliza-
there was obtained a nearly colorless product which 
elted at 91° to 92° C. 
Cll~- NHAc, 
I + 2.. HAJo5 ell~ - NHAc. . 
The yield was 104.1 grams (89%). 
c H,_ N(koJ. J A c. 
'f ~ lie.). 0 -7 I .,. 'I Ac. 01/ 
c H:J,. N { Jto~J II"· 
lH. M. Curry with J. P. Mason, ii.:_ Am. Chern. Soc., ?3, 
043 (1951). 
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Several reductions of ·the N,N 1-dinitro-N,N 1-diacetyl-
thylenediemine were carried out and the appropriate data are 
resented in Table XI. 
I 
In each ca.se, reduction of the nitro 
propound proceeded smoothly and approximately the theoretical 
I 
rount of hydrogen was absorbed during reduction. 
C HJ.. U(Nd~J /((. 
. l + b 1/J, pt; 7 
: Ill- v (poJ.) /lc, 
Cl{l. ,(I{AIH~ J Jl, 
I + 'IHJ_(J 
CHJ; ulPH,) A" 
I 
! The residue obtained by hydrolysis of the reduction 
l 
1ixture with concentrated hydrochloric acid was impure as 
I /udged by its grey color and the presence of several differ-
of crystals but attempts to demonstrate the presence 
:f e.m.monia by exposure of a drop of Nesslerfs reagent to the 
:apors of a solution of the residue in strong sodium hydrox-
TABLE XI 
,EDUCTION OF N, N 1-DINITRO-N, N ,..:_DIACETYLETHYLENEDI.AMINE 
! Solvent Acid Wt. of Catalyst Time Yield I Added Sample (hrs. ) I 
i 
I 
1
urified 95% None 5.0 g. Pt black 4.5 65% 
iethanol (50 ml.) 
urified abs. None 5.0 g. Pt black 3.5 73% 
:ethanol (50 ml.) 
urified 95% Acetic. 5.0 g. Pt02 6.0 68% 
ethanol (50 ml.) (3.0 ml.) 
lacial acetic None 5.0 g. Pt black 8.0 70% 
!acid (50 ml.) 
i 
i 
I 
urified 95% 51% None 5.0 g. Pd on 5.0 
ethanol (50 ml. ) alumina 
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I 
·ae solution failed. The reagent turned black rather than 
rown, a reaction which strongly suggests that the vapors 
ontained more hydrazine than ammonia. The analyses reported 
i 
:n the table are based upon titration of a portion of the 
!llolid residue with iodine under t.he standard condi tiona and 
· e calculated as percentage of ethylene-bis-hydrazine ob-
' 
' 
ained from the starting material. 
21. N, Nl·-Dini tro-N, N 1-dimethyloxamide 
N.1N 1-Dinitro-N,N 1-dimethyloxamide with a melting point 
I 
Jf 122° to 123.5° C • .1 obtained from W. R- Brovme, was reduced 
,nder essentially the same conditions as previously described. 
I 
;ranchimont1 reports that this compound has a melting point 
I 
f 124° c. The reduction mixture was filtered and the fil-
i 
! 
1
rate mixed with concentrated hydrochloric acid. This mix-
ure was evaporated to dryness on the steam bath, 50 ml. of 
,oncentrated hydrochloric acid was added and the solution 
i ' 
I 
'as again evaporated to dryness. The remaining solid was 
: OAI{Aio~) Clf9 
I 
C 
1
11 (NO~) C./13 
P{A/~) Cll.? 
+ 21(~() t-~IIQ~ 
{g 112) t.I/_:J 
co;). 11 
I -1- 2. CH:rPII//U:J,. lit/ 
ca .. II 
issolved in water, diluted to 100 ml. in a volumetric flask 
d 1 ml. of the solution was titrated with standard iodine 
n the presence of excess sodium bicarbonate. Three reduc-
were run and the results are indicated in Table XII. 
1 A. P. N. Franchimont, Rec. trav~ chim., 13, 311 (l894J. 
TABLE XII 
REDUCTION OF N,N'-DINITRO-N~ NI-DIMETHYLOX.M.!IDE 
I 
II 
AQid Wt. bf Catalyst 1lolvent Time Added Sample (hrs.) 
l 
-Prified 95% Acetic 2.0 g. Pt black 7.0 
'ethanol (50 ml. ) ( 3. 0 ml*) II ;I 
95% urified None 2.0 'g. Pt black 4.0 
bthanol (50 ml.) 
I 
abs. Acetic . 2.0 g •. Pto2 5.5 (50 ml.) ( 3 .. o ml. ) 
1No hydrogen was absorbed. 
! 
I 
I 
F. Attempts to Promote Reduction by Addition of 
Various Substances 
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Yield 
93% 
Nonel 
96.4% 
l 
I 
'I 
In view of the erratic ne_ture of the reductions, it 
i~.s decided that a study would be me.de of the reduction in 
·~ueous solution with plat:inum black. as a catalyst ana va:ry-
·hg amounts of various other substances present in the solu-
lon. It was thought that if trace poisons or trace acceler-
~ors were active this migj:lt lead to more positive results. 
rt is known that the catalytic reduction of various compounds 
platinum catalysts is profoundly influenced by the pres-
nee of small amounts of poisons or acti vators1 . 
l . . . 
i v. Voorhees Wlth R. Adams, J. Am. Ohern. Soc., 44, 
~97 (1922); W. H. Carothers with R~Adams, J. Am. Che~ Soc., 
p, 1071 (1923); W. H. Carothers with R. Adams,~A~hem:-
. 47, _1047 (1925). ' ~-
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1. Influence of Purified Pigskin Gelatin 
on the Reduction of Methylnitramine 
Several reductio~s of methylnitramine were attempted 
I 
aqueous media with the presence of small amounts of puri..,... 
f 1• eo. pigskin gelatin (Eastman #5247) and various leve·ls of 
The gelatin.was found to markedly increase the 
of the solution in very small amounts and the mag-
!tic stirrers used were ineffective in solutions of greater 
0.10% at room temperature. It was thought that the gel-
might aid reduction by removing some heavy metals if 
were present in trace amounts. It was found that the 
did help to keep the platinum black catalyst in sus-
during the reduction. 
Tbree sepe~ate reductions of methylnitramine were 
at empted in the presence of 0.005% gelatin in the water used 
as solvent. At this concentration the gelatin gave a solution 
wh 1Ch was not noticeably more viscous than water. In each 
! 
ca e 5.0 grams .of methylnitramine were dissolved in 50 ml. 
! 
of :the gelatin solution and 0. 2 gram of platinum black was 
ad 
wa 
In one solution there was no added acid_, in one there 
ml. of glacial acetic acid and in the third there was 
of concentrated hydrochloric acid. Although each 
sol tion was stirred for four hours under an atmosphere of 
60 ' . s. 1. total hydrogen pressure, no reduction 0 ccurred .. 
A second series of three samples of methylnitramine 
was run in which the conditions were the same e,s for the first 
81 
se except that the concentration of gelatin was doubled. 
Ag no reduction occurred. 
As a check on the possible presence of catalyst poisons 
' in ~he gelatiny one reduction of methylnitr~line in 50 ml. of 
di billed water with 0.2 gram of platinum black and 4.0 ml. 
I 
of acetic acid was interrupted shortly after it had started 
I 
to kbsorb hydrogen. The apparatus was opened end 10 ml. of a 
I 
I 
stobk O.Ol% solution of the purified pigskin gelatin was add-
1 
i 
ed.l The reduction was then continued and, although slower 
I 
th average for this combinatio·n of substrate, acid and cat-
aly't, went to completion in 10.5 hours with a 90% yield of 
I 
met ylhydrazine. It is concluded, therefore, that the gela-
tin was essentially free of materials which destroy the 
act ,vity of platinum black for this reaction. 
I 
! 
I 
fo 
ly 
re 
2. Influence of (Ethylenedinitrilo) 
tetraacetic Acid on the Reduction 
of Methylnitramine 
The ability of (ethylenedinitrilo)tetraacetic acid to 
chelates with many metallic ions and thereby effective-
.emove them from solution led to an attempt to reduce 
i 
' . 
ylnitramine in aqueous medium in the presence of this 
J 
It seemed possible that, if the difficulty in ob-
ing reproducible results in this reduction were due to 
I resence of trace amounts of such ions, the chelating 
might well exert a profound influence on the reaction. 
Two reductions of methylnitremine in the presence of 
!I 82 
(e hylenedinitrilo)tetraacetic acid were attempted. In each 
. ,1· . 
ca~ e 5.0 grams of methylnitramine was dissolved in 50 ml. of 
dis\ illed water and 5.0 ml. of a one molar solution of the 
I 
che ating agent in distilled water i'ras added. Platinum 
I 
bla': k was used as a catalyst in each case and to one solution 
I the e was added 4.0 ml. of glacial acetic acid. 1n neither 
att mpted reduction was eny hydrogen absorbed. 
I 
A reduction of methylni tramine in distilled water was 
st :ted and interrupted after the absorption of enough hyd.ro-
1 
gen ro reduce the internal pressure of the appexatus from 60 
to p p.s.i. The apparatus was then opened and a 5.0-ml. 
sam .~e of the reagent was added. The apparatus was resealed 
and lydrogen was again added. No additional hydrogen was 
II 
abso\i:>bed. 
The results of this investigation make it seem proba-
ble the reduction of methylnitramine by hydrogen with a 
black catalyst is not promoted by the addition of 
(eth lenedinitrilo)tetraacetic acid and no additional attempts 
to this material as the sole promotor were made. 
3. Influence of Purified Pigskin Gelatin end 
(Ethylenedinitrilo)tetraacetic Acid on 
~he Reduction of Methylni tramine 
Two reductions of methylnitramine were attempted in 
the resence of both puxi.fied pigskin gelatin and (ethylene-
was 
rilo)tetraacetic acid. The solvent for the reductions 
~stilled water which contained 0.005% of the gelatin 
I 
83 
and as also 0.005 mole..r in the (ethylenedinitrilo)tetra-
acet c. acid. A 5. 0-gram sa'TI.ple of methylni tramine we,s d:l,.s-
J 
solv!d in 50 ml. of the aqueous gelatin-(ethylenedinitrilo)-
1• ,,
tetr :!.acetic acid solution. The usual e.rnount, 0. 2 gram, of 
plat num black was added and the mixture was stirred under 
a to al of 60 p.s .. i. of hydrogen. :No hydrogen was absorbed. 
The reduction apparatus was opened end 4.0 ml. of 
glac .
1 
al acetic acid was added. Again there was no reduction 
when,the solution was stirred vigorously under about four 
atmospheres of hydrogen. 
The above results, in combination with the previous 
expelience vuth both gelatin and (ethylenedinitrilo)tetra-
acet~c acid taken separately, were regarded as adequate 
evi /lnce. that this particule..r mixture is .not of value in 
I 
pro the catalytic reduction of methylnitramine. 
4. Influence of Glycerol on the Reduction 
of Methylni tramine 
Several reductions of methylnitramine were carried out 
in n aqueous solvent in the presence of small amounts of 
gly Four reductions of 5.0-gram samples of methyl-
nit_ amine in 50 ml. of e. solution which contained 25 grams 
of lycerol (Eastman #339) in a liter of solution were at-
tem In each case platinum black (0.2 gram) was the 
cat Two reductions were carried out Without the addi-
tio of acid and the yields were 69% in 5.0 hours for the 
fir t and 93% in 4.5 houra for the second. A third reduction 
84 
wa same as the flrst two except that 4. 0 ml. of glaclal 
ac added before reductlon. The yield from this 
I 
! 
ex eriment was 34% and thls required 7.0 hours. For the fourth 
re uction 3.0 ml. of concentrated hydrochloric acid was used 
be ore reductlon. In thls case absorption of hydrogen ceased 
af 3.0 hours .. and a yleld of only 10% was obtained. 
From the above data, and on comparison with the data 
in able VI, it would. appee~ that the addition of small quan-
II 
tities of glycerol to an aqueous medium used for the reduction 
of ethylnitramine \nth hydrogen in the presence of platinum 
k a.ids this reaction only sllghtly. Since it appeared 
that there was llttle advantage to be gained from the use of 
glycerol no further experlments were conducted with this 
mat rlal. 
5. Influence of Dextrose on the Reduction 
of Methylnltramine 
The addition of small quantities of dextrose to the 
aqu ous medium used for the reduction of methylnitramine was 
inv'stigated. A solution containing:75.0 grams of anhydrous 
:I 
dex :rose per liter was prepared. and 50-ml. portions of thls 
wer used as solvent for the reduction of several 5-gram 
ions of methylnitramine. 
One reduction mixture With no acid added did not ab-
sor any hydrogen under the usual condltions of 60 p.s.i 
int rne~ hydrogen pressure and 0. 2 gram of platinum black. 
I . 
Whe thls was repeated with conditions as nes..rly identical 
as possible the solution absorbed nearly the theoretical 
I 
i 
amount of hydrogen and a 93% yield of methylhydrazine Was 
85 
ob ained. The quaptity of hydrazine was determined by evap-
i 
ora~ion of the filtered reduction solution after the addition 
I 
of bnough hydrochloric acid to make it acidic to litmus paper. 
I j 
Their esidue was dissolved in a sme~l quantity of water and 
dil 1ted to 250 ml. in a volumetric flask. Titration of a I . 
I 
5-m,. aliquot portion of this solution indicated a 93% yield 
! 
of 1 ethylhydrazine~ A blank determination on 50 ml. of the 
! 
dex.rose solution used as the reduction medium was made after 
I 
I 
I 
eva oration with hydrochloric acid in order to determine 
! 
whe:her the presence of sugar would affect the titration. 
I 
Thi blank determination did not require an appreciable 
I 
amo 
1
nt of iodine solution to reach an end point. A similar 
detlrmin~tion was run on a solution to which there was added 
quantity of methylhydrazine and again the presence 
of extrose was found to have no effect. 
An additional reduction, conducted as before except 
for the addition of 4.0 ml. of glacial acetic acid, was also 
car ;ied out. The yield of methylhydrazine found by titration 
of I aliquot of the filtered reduction solution was 17%. 
Sin e this was the same as the yield in the absence of the 
dex rose (see Table VI) and since the added dextrose did no~ 
app ently increase the reproducibility of this reduction, no 
add tional experiments with this material were made. 
me 
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6. Influence of Trace Amounts of Inorganic 
Ions on the Reduction of Methylnitramine 
Since it is known1 that trace amounts of various in-
occasionally promote the reduction of organic 
hydrogen in the presence of noble metal catalysts, 
amounts of several such ions were added to the aqueous 
in which reductions of methylnitramine occurred. Since 
me 
r trace amounts of these materials are necessro~y, the pro-
ce i~e employed was as follows: after preparation of the 
rrial for reduction by solution of the 5.0 grams of 
rylnitremine in distilled water, the addition of 0.2 gram 
latinum black catalyst and the addition of any desired 
on 
ma 
of 
e.d ,i tional acid, there was added to the solution two drops 
of e. one molar solution of the desired inorganic material. 
compounds used to investigate the influence of trace 
am'unts of metal were as follows: 
;I Aluminum chloride ·Ferric chloride 
Ammonium chloride 
Ammonium sulfate 
Cadmium chloride 
ll 
'I ~ t Chromic chloride 
Cobaltous chloride 
Cupric chloride· 
Ferrous sulfate 
Magnesium sulfate 
Manganous sulfate 
Mercuric chloride 
Nickelous chloride 
Nickelous sulfate 
, lW. H. Carothers and R. Adams, J . .Am- Chern. Soc., 45, 
1 : 1 ( 1923); W. H. Carothers and R. Adams :---:f. Am. Ohern. S'C>'C., 
1947 (1925). - -~ 
Plumbous acetate Sodium sulfate 
Sodium chloride Titanium dioxide 
Sodium chromate Vanadium dioxide 
Zinc chloride 
was found that no hydrogen was absorbed in the 
pr of the manganous sulfate, cadmium chloride, cupric 
or mercuric chloride. Each of the remaining salts 
wa found to have no appreciable effect on the rate of re-
87 
du ion nor on the yield of methylhydrazine either when used 
•I 
wi ·~ added acetic acid, e.dded hydrochloric acid 
ab lence of eny added acid. The ion content was 
or in the 
approximately 
0. 
fe 
an 
iv in promoting this pe.rticular reduction. 
lw. H. Garother s· with R. Adams, J. Am.. Ghem. So c., 47, 
10 7 (1925). 
IV 
1
! INFLUENCES OF THE VARIABLES INVESTIGATED · 
I 
l 
, A number of factors are involved in the catalytic re-
I 
du 'tion of N-nitro and N-nitro so compounds. In order to ! -
pr sent as clee~ and concise a discussion as possible these 
will be discussed individually and the appropriate 
support the discussions will be presented in tables 
contain much of the data from the experimental 
se 
1
tion of this thesis arranged to illustrate the pertinent 
po Although this will lead to considerable repetition 
of .the data it will avoid the difficulty of referring to the 
va ;ious tables in the previous sections of this thesis and 
I 
wi !1 present the data in a more logical order as far as con-
i 
I 
si eration of the factors involved are concerned. 
I 
i 
! 
I 
A. Solvent 
The solvents investigated in this research were abso-
ethanol, 95% ethanol, isoamyl alcohol, distilled water, 
gl 1.cial acetic acid, ethyl acetate, pyridine and quinoline. 
Of /these solvents the distilled water end the glacial acetic 
!) 
I 
ac'd were used without further purification while the isoamyl 
al,ohol, ethyl acetate, pyridine and quinoline were purified 
by treatment with Raney nickel to remove materiels which 
ht poison the catalyst. The absolute ethanol end·the 95% 
et enol were also usually purified by treatment with Raney 
ni:kel although a few experiments were carried out in which 
I 
th'se solvents were not purified. 
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i 
It is knovm1 that ·Re.ney nickel will dehydrogenate 
II 
al,ohols to ~~e corresponding carbonyl compounds. It is 
-1 . 
th:refore reasonable to consider the extent of dehydrogena-
which occurred during the purification of the alcohols 
in this research. These alcohols were refluxed for 
hours with Raney nickel but it is felt that dehydro-
·was not of significance in these experiments. It 
reported1 , for example, that the optimum tempera-
dehydrogenation is approximately 250° C. with 
Raney nickel by weight. It has e~so been reported 
alcohol at its boiling point undergoes dehy-
. genation to give only a very slight yield of acetone2. 
Inja ce~eful investigation of the dehydrogenation of ethanol 
I 
·croft end George3 found that at a temperature of 140° to 
C. the equilibrium concentration of acetaldehyde is 
It is also known4 that the dehydrogenation re-
further with secondary than with primary-
1L. Palfray, S. Sabatay and A. Halsz 7 Comnt. rend. 7 
165~ ( 1939). 
2L. -Palfra,y and S. Sabatay., Compt. rend., 208, 109 
( 939). -
3w. D. Bancroft and A. B. George, J. Phys. Chem., 35, 
94 ( 1931). 
Palfray and S. Sabatay, Compt. rend., ~' 109 
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1 In view of the above facts it can. be concluded that 
th \ amount of aldehyde produced by the purification of 
I 
et_ :anol under the concli tions employed in this research 
( e p.ecially the lower temperature) is negligible and that 
4-methylbutanal Which would result from dehydrogenation 
ithe isoamyl alcohol is not sufficient in quantity to in-
! 
v idate the reductions in which this was used as a solvent. 
Th! most unfavorable consequence which could reasonably be I .. 
I 
1umed to have occurred as a. result of the presence of 
I 
bonyl compounds in the alcohols used as solvents for these 
ca 'a.lytic reductions would be the absorption of a small amount 
I 
of hydrogen due to reduction of the aldehyde to alcohol. The 
ve y slow reduction of the nitro compounds would seem to ren-
.1 .· 
de !improbable the formation of enough hydrazine-type product 
to ~react with the aldehyde before the aldehyde is reduced to 
I 
i 
an \alcohol. 
I 
! 
I In order to a.void contamination of each solvent w:b..ich 
I 
treated with Raney nickel the alcohol under which this 
ca alyst was stored in the laboratory was rep~aced with the 
( 
ap ropriate solvent before the Raney nickel was used to pur-
a large quantity of the solvent. This was accomplished 
draining off as much of. the original alcohol as possible 
theri by stirring the nickel in some of the new solvent. 
er the cate~yst had settled the solvent was decanted and 
I 
t · process was repeated at least twice. This nearly alcohol-
! 
fr 'e portion of Raney nickel was then suspended in some of 
9l 
solvent and a distillation of material from this mixture 
carried out until the boiling point of the mixture indi-
ca:ed that all of the alcohol had been eliminated. The Raney 
i 
ni kel was then allowed to settle end was used to p~rify a 
portion of the solvent .. 
That the above process did not cause the nickel to 
i lo ,e all of its activity was shown (with e.ll solvents except 
~u noline) by allowing a portion of the nickel, after it had 
! 
for purification of the solvent, to partially dry 
paper. In each c aseJ with the exception of quino-
I 
li e which was not sufficiently volatile to allow this check 
! 
to 'be madeJ the ce.taly st was found to be pyrophoric. 
I 
1. Absolute Ethanol 
Tne appropriate data for the reduction of various 
N- itro and N-nitroso compounds in purified absolute ethanol 
reported in Table XIII. This solvent was convenient be-
I 
c ! se of its ready availability and the solubility of the 
I 
v ,ious organic compounds in it. Purification by refluxing 
' ,j 
with Raney nickel was an easy and convenient operation. For 
I 
usk, the absolute ethanol was distilled from the container in 
l 
I 
w ich it had been standing in contact with the Raney nickel. 
Examination of the data indicates that the yields of 
h drazine compounds in those cases where any hydrazine was 
' ob~ained are very satisfactory. In those instances where 
l 
none of the hydrazine was obtained the products were ammonia 
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TABLE XIII 
PURIFIED ABSOLUTE ETHANOL 
Acid Catalyst Time Yield 
Added (hrs.) 
N-nitrocarbamate1 ' 3 None Pt black 4.5 99% 
N-nitrocarbamate1 ' 3 None Pt black 8.0 None 
Et yl N-ni trooarbamate1 ' 3 None Pt black 3.5 86% 
N-nitrocarbamate2 None Pt black 6.0 None 
N-nitrocarbamate2 None Pt black 4.5 85% 
i 
Et yl N-ni~ro-N-methyl- None Pt black 7.5 98% 
c :!.I'bamat e 
' 
Et yl N-nitro-N-methly- None Pd black 5.0 88% 
c '.trbe.mate3 . 
Et yl N-nitro-N-methyl- None Rh black 7.5 81% 
c · bamate3 
' Me 'hylammonium s,r-t of Acetic Pt black 7.5 98% 
m :thylni tre..mine 
i 
Is 'propylammonium salt Acetic Pt black 6.5 lOO% 
0 : methylnitramine4 
! 
Di :yclohexylnitramine3 
I 
None Pt black 4.0 None 
I 
Di .yclohexylnitre.mine3 Acetic Pt black 6·; 5~: None 
i 
N-
I 
itrosodimethylamine3 None Pt black 5.0 None 
. itrosodimethyle.mine 3 Acetic Pt black 4 .. 0 None 
i 
N- itrosodiethylamine3 None Pt black 4.0 None 
N- :itrosodiethylamine3 Acetic Pt black 6.5 None 
i 
N, ' '-dini tro-N, N' -eli- None Pt black 3.5 73% 
a etylethylened.iamine3 
N, 1-ainitro-N,Nl-di- Acetic Pt02 5.5 96% 
thyloxamide4 
I 
m 
lRecrystallizea from benzene .• 
2z5.0-gram se.mple unrecrystellized. 
3 5. 0-gram sample. 
4 2.0-gram sample. 
93 
the corresponding amine; in several of these instances 
th I substra.te was one which did not form a hydrazine in any 
I 
of :the solvents which v1ere investigated. The erratic nature 
I 
I 
I 
of 1the reduction can be seen from the first five i terns in 
Talle XIII where yields for the catalytic reduction of ethyl 
N- itrocarbamate with platinum black and no added acid are 
i 
I 
re orted. These range from 0 to 99% and are apparently not 
recrystallization of the nitrocarbamate from benzene. 
Two reductions of ethyl N-nitrocarbamate in commercial 
I 
ab olute ethanol are reported in Table XIV and it will be 
su 
e 
E 
E 
ed that here, also; the absolute alcohol is a satisfactory 
.vent. The noble metal catalysts employed form a uniform 
'pension in 
I 
absolute ethanol. and tend to give a smooth, 
1.1 ~ y controlled reduction when the reaction goes at all. 
,, 
TABLE XIV I 
I COMMERCIAL ABSOLUTE ALCOHOL I .. .. 
bstrate Acid Cata~yst Time Yield 
I. Added (hrs.) 
I 
'yl N-nitrocarbamate1 None Pd ble.ck 2.5 88% 
yl N-nitrocarbamate1 None Bh black 5.0 82% 
l 5. 0-gram sample 
A number of attempted reductions of various substrates, 
as ethyl N-nitrocarbarnate, failed to absorb hydrogen. 
T was true, in some cases; even though another portion of 
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same substrate from the same container reduced smoothly 
I 
ei:her prior to or subsequent to the reduction which failed. 
I 
i In:several instances the solvent employed, the catalyst and 
th: e.cic1 added., ·where any was used, ca.me from the same con-
ta ners as in the case of successful reductions. 
I 
I 
I 
:/ 2. 95% Ethanol 
I 
1 A large number of reductions were carried out in 95% 
l 
etfanol which had been purified by treatment with Raney 
A summary of these experi~ents is presented in Table 
in the case of absolute ethanol, the 95% alcohol was 
d to be well suited for this reaction since it readily 
dissolved most of the materials employed and. also served to 
I 
i 
disperse the catalyst efficiently when stirred. 
! 
! Another instance which illustrates the difficulty in i 
I 
o ~aining reliable data on this reaction will be found in 
i 
t' e tvro reductions of ethyl N-nitro-N-benzylcarba.mate wit:h 
p and purified 95% ethanol as a sol-
v in the presence of added acetic acid. On two consecu-
t runs, under conditions which were as nearly identical 
a i could be obtained, the yields were 40% and 98% of the 
.1 
t amount of hydrazine respectively. 
It was found that commercial 95% ethanol without 
f rther purification is also a suitable solvent for this 
r as is indicated in Table XVI. 
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TABLE XV 
PURIFIED 95% ETHANOL 
Acid Catalyst Time Yield 
l Added (hrs. ) 
i 
I 
Et 
! 1 None Pt on 5.5 98% ,Yl N-ni troca.rbainate 
alumina 
Et 
1
yl N-nitrocarbamate1 Acetic Pt on 6.5 94% 
alumina 
N-nitrocarbamate1 Acetic Pt on 15.0 16,%
2 
alumina 
N-nitrocarbamate1 Acetic Pt on ll.O 73%
3 
alumina 
N-ni trocarbamate1 Acetic Pt on 9.0 99%4 
I alumina 
I 
Et 
I 1 Acetic Pt on 8.5 97%5 :yl N-nitrocerbamate 
alumina 
N-nitrocarbamate1 Acetic Pt on 5.5 95%6 
alumina 
E N-ni tro c erb e.mat e 1 Acetic Pt on 4.5 53%
7 
alumina 
E yl 1 Acetic Pt on 2.0 2%8 N-nitrocarbamate 
alumina 
15.0-gram sample 
2Reduced at ~.oo to ::wo c. 
I 3Reduced at 10° to 20° c. 
4Reduced at 20° to 30° c~ 
5 Reduced at 30° to 40° c. 
6Reduced at 40° to 50° c. 
7Reduced at 50° to 60° c. 
8 Reduced at 60° to 70° c. 
s 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
Et 
E 
E 
E 
TABLE XV 
' 1 
•yl N-nitrocarbamate 
I 
N-nitrocarbamate2 . 1 
.Y 
I 
i. 
N-nitroca~bemate 2 
N~nitrocarbamate2 
i 
'yl N~nitro-N- 2 
· ethylcarbamate 
yl N-nitro-N-
ethylca..rbamat e2 
yl N-nitro-N-
' 2 
: ethylcarbaroate 
I 
!yl N-nitro-N-
' 2 
ethylcarbamate 
'yl N-nitro-N-
enzylcarbamate3 
I 
! 
.
1 yl N~ni tro-N- 3 
enzylcarb am ate 
yl N-nitroso-N-
' ethylcarbeJilate2 
~yl N-nitroso-N2 l11ethylcarbamat e 
I 
~yl N-nitroso-N2 
methylcarbamat e 
1 4. 5-gram sample 
25.0-gram sample 
31 .. 0-gram sample 
96 
(continued) 
Acid Catalyst Time Yield 
Added (brs.) 
None Pt on 5.5 92% 
charcoal 
Acetic Pt on 7 .. 5 82% 
charcoal 
Acetic Rh on 
alumina 
7 .. 5 81% 
Acetic Bh on 14.0 75% 
charcoal I 
Acetic Pt black 5;;.5 95% 
Hydro- Pt black 5.5 95% 
chloric 
Acetic Pd black 89% 
Acetic Bh black 5.0 78% 
Acetic Pt black 6.5 40% 
Acetic Pt black 4.0 98% 
None Pt black Trace 
Acetic Pt black 6.0 915~ 
Hydro- Pt black 5.0 85% 
chloric 
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TABLE XV (continued) 
bstrate Acid Catalyst Time Yield 
Added ( hrs. ) 
propyl N-nitro-N- Acetic Rh black 8.0 72% 
1
sopropylcarbamate1 
I . l 91% 1-.0:ethylni tramine None Pt black 6.5 
I 
M e. hylnitramine l Acetic Pt black 5.0 98% I . 8%2 thylni traminel Acetic Pt black ll.O 
·I 
fhylni tramine1 Acetic Pt black 8.5 28%
3 
' 97%4 ~hylnitraminel Acetic Pt black 7.5 
~hylnitramine1 Acetic Pt black 6.0 98%5 
I 
I 1 96%6 thylni tra.mine~ Acetic Pt black 5.0 
i 
~hylnitramine1 Acetic Pt black 5.5 73%7 
I 
M 
I . l Acetic black l0%8 jthylni tre.mine Pt 3.0 
1/I 'thylni tramine1 Acetic Pt black 2~5 None
9 
M 1thylni tramine1 Acetic Pt on 5.0 96% 
I alumina 
I 
l . 5.0-gram sample 
2 Reduced at 0° to 50 c. 
3Reduced at 10° to 20° c. 
4Reduced at 20° to 30° c. 
5Reduced. at 30° to 40° c. 
6Reduced at 40° to 50° c. 
?Reduced a.t 50° to 60° c. 
8Reduced at 60° to 700 c. 
9Reduced at 70° to 80° c. 
----=--- ______ .:.__:..._~ L---------_; ---------------- --~-------------------------- ·-----'--
TABLE XV (continued) 
Is "propyl N.,.-nitro-N-1 
sopropylcarbamate I . 
Is,: propyl N-nitro-N-
-isopropylcarbamat el 
' 
M 'fhylnitramine1 
I 
I 
I l 'I 
Ivi. .~hylni tra:mine 
hylni tra:mine1 
thylnitramine1 
thylni tramine1 
thylnitramine l 
thylnitr.ronine1 
clohexylnitramine1 
nzylnitramine1 
hylene~bis-nitramine1 
D icyclohexylnitramine1 , 
icyclohexylnitram.ine l 
r. ethylammonium salt 
of methylnitramine2 
15. 0-gram. sample 
22. 0-gram sample 
Acid 
Added 
Acetic 
Acetic 
Acetic 
Acetic 
None 
None 
Acetic 
Acetic 
Acetic 
None 
Acetic 
Acetic 
None 
Acetic 
Acetic 
Catalyst 
Pt black 
Pd black 
Pt on 
charcoal 
Pd on 
charcoal 
Pd on 
charcoal 
Pd on 
alumina 
Pd on 
alumina 
Rh black 
Ru on 
alumina 
Pt black 
Pt black 
Pt black 
Pt black 
Pt black 
Pt black 
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Time Yield 
( hrs. ) 
3.0 89% 
4.0 81% 
2:o 92% 
3~0 83% 
4.0 80% 
4.5 90% 
7.0 89% I 
15.5 72% 
6.5 78% 
4.5 89% 
5.0 96% 
4.5 56% 
5.5 None 
4.0 None 
4.0 98% 
N-
N-
N-
N-
N-
N, 
N, 
N, 
N, 
N, 
TABLE XV 
! i1 tromorpholine1 
I 
1i tromorpholine1 
I 
I 
itrosomorpholine1 
1
i t , 1" 1 ; rosomorpno lne 
i 
I 1 
'i tro sodimethylamine-
I-dinitro-N,N 1-di-
, c etylethyl enedi amine1 
' 
1
-dinitro-N,N 1-di-
cetylethylenediemine1 
l 1-dinitro-N,N 1-di-
cetylethylenediamine 
I 
rt -dini tro-N, ~ 1-di-
, ethyloxemide 
; 
x 1 -dinitro-N,~ 1-di-
· ethyloxamide 
l5. 0-grem sample 
22. 0-gram sample 
1 
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(continued) 
Acid Cata~yst Time Yield 
Added (hrs. ) 
None Pt black None 
Acetic Pt black None 
None Pt black 4.0 None 
Acetic Pt black 4.0 None 
None Pt black 8.5 None 
None Pt black 4.5 65% 
None Pd on 5.0 51% 
alumina. 
Acetic Pto2 6.0 68% 
None Pt black 4 .. 0 None 
Acetic Pt black 7.0 93% 
TABLE XVI 
COivii,ZERCIAL 9 5% ETHANOL 
Et yl N-nitro-N~methyl­
carbamate 
I 
I 
Et yl N-nit2o-N-methyl-
carbamate 
17. 4-Gram sample 
2 5. 0-greJTI sample 
Acid 
Added 
Ce.talyst 
None Pt black 
Hydro- Pt black 
chloric 
3. Purified Isoamyl Alcohol 
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Time Yield 
(!1..rs.) 
4.5 19% 
6.5 82% 
I Three successful attempts were made to reduce methyl-
n · ~ramine in purified isoamyl alcohol with platinum black as 
i 
a :cats~yst. The results, given in T~ble XVII, indicate that, 
w_ile this may be used as a solvent, it is less satisfactory 
t_'lan is ethanol. There was a tendency for the catalyst to 
! 
f irm large clumps which were not dispersed by the most vigor-
o .1s stirring obtainable from the magnetic stirrers available. 
I B cause the catalyst did not clump until after the reaction 
! 
I 
'a continued for a while it was felt that this objectionable 
havior might possibly be eliminated if a dehydrating agent 
re added to remove the water formed by the reduction from 
e medium. A separate test showed that if the catalyst were 
s spended in isoamyl alcohol and a few drops of water were 
catalyst tended to clump just as in the experiment. 
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TABLE XVII 
PURIFIED ISOAtiYLALCOHOL 
S 1 bstrate Acid Catalyst Time Yield 
Me 
Me 
Me 
I Added (hrs.) \ 
I 
i 1 84%2 . hylni tra.mine Acetic Pt black 3.0 
I 
1
hylnitramine1 Acetic Pt black 8.5 78,%'3 
,hylnitramine1 Sulfuric Pt black 7.5 62,%'4 
I 
I 
1 5. 0-gram sample. 
j 
I 
I 
2catalyst tended to clump badly; hydrogen was absorbed 
slowly a.nd absorption stopped at 90% of the theoretical. 
310~0 ml. 1,4-dioxane added. 
47.5 g. activated silica gel added. 
A second reduction was carried out with conditions the 
s e as in the first except that the medium included approx-
i ately 25% by volume 1,4-dioxane to render the water formed 
I 
so~uble. Although there was no serious clumping of catalyst 
I 
i ! this case, the yield was a little less satisfactory. 
\ 
i 
t 
In a third experiment sulfuric acid was used to acid-
the medium and activated silica gel was added to absorb 
Again the reduction occurred but the platinum catalyst 
to adhere to the silica gel and the resulting reduction 
slower than in the second case reported. The yield 
much lower than in the other cases~ 
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4. Distilled Water 
availability of distilled water made this an 
·I The 
a tractive 
! 
medium for reductions. It was found, however, 
indicated in Table XVIII, that yields of methylhydrazine 
' 
om methylnitramine were extremely low in this solvent. 
i 
. 'e ctifficulty was not primarily one of cleavage to rnethyl-
.ine and ammonia but of finding conditions which would 
I 
a•llovJ' the reaction to occur. Withmethylnitrarnine and also 
M 
F 
l[ 
H 
I·. 
TABLE XVIII 
DISTILLED WATER 
Substrate 
i 
I th;rlni tramine1 
.thylnitrarnine1 
I 
thylnitramine1 
j 
I 
.thylammonium sazt of 
.: methylni tramine 
I 
., 
~thylammoniurn s~ t of 
·methylnitra.mine 
l5. 0-gram sample. 
22. 0-gram sample. 
Acid. 
Added 
None 
Acetic 
Hydro-
chloric 
None 
Acetic 
3No hydrogen was absorbed. 
Catalyst Time Yield 
(hrs.) 
Pt black 4.0 Trace 
Pt black 7.0 17% 
Pt black 7.0 8% 
Pt black 8.5 None3 
Pt black 8 .. 5 None3 
~th the methylammonium salt of methylnitramine with no acid 
"~ded the rea,ction did not occur; in the former case less 
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t an 1% of the theoretical amount of hydrogen was absorbed 
the latter there was no hydrogen uptake at all. Vfuen 
" 
I a 
1
etic acid was used to render the reduction medium acid, 
m )thylni tramine took up about 17% of the theoretical amount 
~ ! 
o hydrogen to give a yield of 17% of methylhydrazine. This 
c rresponded to 100% reduction to the substituted hydrazine 
I I , 
b :t the reaction stopped at this point and could not be 
r 
! 
m 'de to start again. An attempted reduction of the methyl-
i 
.onium saJ.t of methylnitramine in.acetic acid inexplicably 
f '.iled to absorb FJJlY hydrogen what·soever. 
' 
' 
' i 
When hydrochloric acid was used to acidify the med-
' reduction stopped when only 8% complete and could not 
made to con tim~e. 
In view of these compBratively poor results from the 
of distilled water as a solvent and the limited applica-
of w~ter in the case of most of the other substrates 
to their very low water solubility, all fur~ 
attempted reductions were conducted in organic solvents. 
5. Glacial Acetic Acid 
Since glac1aJ. acetic acid could not be purified by 
treatment with Raney nickel., the chemically pure commercial 
was used directly. It proved to be a good solvent 
the substrates studied and gave satisfactory yields of 
hydrazines When platinum black was used as the catalyst~ 
difficulty was encountered so far as clumping of the 
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c talyst was concerned] and there was little tendency of the 
ni~rogen-nitrogen bond to cleave in this solvent. As a re-
I 
s ~t negligible quantities of ammonia and the corresponding 
E 
E 
M 
M 
I 
D 
H 
N 
N 
I 
were observed. 
The appropriate data for reductions in glacial acetic 
are summarized in Table XIX. 
TABLE XIX 
i GLACIAL ACETIC ACID 
I 
1
ubstrate 
'I 
'I 
! ihyl N-nit,...o-N-methyl-
jcarbamate1 · 
I 
thyl N-nitroso-N-methyl-
!carbamatel 
thylnitramine1 
I 
I 
thylammonium s~t of 
methylnitramine 
,I 
opropylammonium salt 
:of methylnitre~ine2 
1
. cy clohexylni tramine1 
xe.hydro-lJ 3, 5-tr~-
nitro-a-triazine 
i 1 
initrosomorpholine-
·N 1-dinitro-N)Nl-di-
acetylethylenediamine1 
15.0-gram sample. 
22. 0-gram sample. 
3 2. 22-gram sample. 
Acid Catalyst 
Added 
None Pt black 
None Pt black 
None Pt black 
None Pt black 
None Pt black 
None Pt black 
None Pt black 
None Pt black 
None Pt black 
Time Yi:eld 
( hrs. ) 
5.0 97% 
2.5 47% 
4.5 97% 
5.0 96% 
2.0 97% 
8.0 None 
4.0 None 
4.5 None 
8.0 78% 
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6. Purified Ethyl Acetate 
Ethyl acetate) purified by refluxing with Raney 
I 
n·~kel, was investigated as a solvent for t~e reduction of 
e ~yl N-nitrocarbamate and for ethyl N-nitro-N-methylcar-
b ate. It was found) see Table XX, to be a satisfactory 
in the preEence of added acetic acid. In this 
I 
s ~vent, also, the reaction was found to be erratic and 
1dependable as is indicated by the. two reductions of ethyl 
N :nitrocarbamate; in one instance a 99% yield was obtained 
I 
w ·1e in the other only 12% of the theoretical yield of 
' h drazine was found. 
I 
TABLE XX 
PURIFIED ETHYL ACETATE 
, ubstrate 
I 
N-nitrocarbamate1 
I 
N-nitrocarbamate2 E hyl 
I 
I 
I 
~hyl N-nitro-N-methyl-
i carbamate 
•thyl N~nitroso-N-methyl-
:carbamate 
15.0-gram sample. 
225.0-gram sample. 
Acid Catalyst 
Added 
Acetic Pt black 
Acetic Pt black 
Acetic Pt black 
Acetic Pt black 
Time 
(hrs .. ) 
6.0 
9.5 
6.5 
4.0 
Yield 
99% 
12% 
88% 
87% 
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7. Purified Pyridine 
The reduction of ethyl N-nitro-N-methylcarbarnate in 
idine which had been purified by treatment with Raney 
ni ', kel was investigated using platinum black as a catalyst. 
As indicated in Table XXI, the reduction did not occur in 
absence of an added acid; in fact, no hydrogen at all 
w ~ absorbed by the system~ In the presence of acetic acid 
i 
. a , 2% yield of the hydrazine Was obtained and when hydro-
ch oric acid was emplo!ed the yield was found to be 89%. 
In view of the uncertainties and lack of reproducibility 
! 
of'the reduction the 3% difference here cannot be considered 
to:be significant. 
E 
E 
E 
TABLE XXI 
PURIFIED PYRIDINE 
i ubstrate 
I 
I 
~yl N-nitlo-N-methyl-
1
carbamate 
hyl N-nit2o-N-methyl-
:carbamate 
hyl N-nit2o-N-methyl-
carbamate 
17 .4-gram sample. 
2 5.0-gram sample. 
Acid 
Added 
None 
Acetic 
Hydro-
chloric 
Catalyst 
Pt black 
Pt black 
Pt black 
Time Yield 
(hrs.) 
9.5 None 
5.5 89% 
rr 
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8. Purified Quinoline 
Attempted reductions of ethyl N-nitro-N-methylcar-
in quinoline which had been purified in the usual 
ma with Raney nickel, failed. No hydrogen was absorbed. 
Several attempts were made to reduce this nitrocarbamate in 
qui!oline in the presenc~ of acetic acid and also hydro-
acid. No hydrogen was taken up in any of the at-
' 
te pts. The reason for the failure is not known definitely 
I 
:it may well be that the quinoline contained materials 
the catalyst and which were incompletely 
re oved in the attempted purification with Raney nickel. 
Th appropriate data are presented in Table XXII. 
TABLE XXII 
PURIFIED QUINOLINE 
su:strate 
Et yl N-nitro-N-methyl-
arbamatel 
Et 'yl N-nitlo-N-methyl-
: arbamate 
I 
I 15.0-gram sample. 
Acid Catalyst 
added 
Acetic Pt black 
Hydro- Pt black 
chloric 
B. Acidity of the"Medium 
Time Yield 
(hrs.) 
4.0 None 
4.0 None 
In an attempt to determine the influence of the acidity 
o the medium upon the extent and ease of the reduction, a 
of substrates were reduced in a neutral medium and in 
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t same medium but with the addition of a small amount 
The acid most frequently used was acetic acid but 
h rochloric acid was used in several cases and sulfuric 
one. The results of reductions of given 
s strates under conditions which were as nearly identical 
a possible except for the presence or absence of added 
a · d e...re summarized in Table XXIII. 
In general there does not appear to be any marked 
c relation between the presence or absence of acid and 
t e presence of acid appeci...rs to have had little or no effect~ 
L, the case of ethyl N_nitroso-N-methylcarbamate the fact 
t a good yield of product was obtained only in the pres-
e :ce of either acetic acid or hydrochloric acid is attribut-
i 
a le to the fact that as soon as a small amount of reduction 
,, 
~ l 
h, a. occurred the remaining nitro socarbamat e was catalytically 
'I d , composed by the basic product. This decomposition is well 
l 
of preparation of diazomethane although I k 'own as a methoct 
'I 
i 1 this case the gas 
t lc decomuosition of 
evolved was nitrogen due to the cataly-
the diazomethane on the sharp particles 
0 
II -
catalyst2 . As indicated in the table, only traces of 
lH. von Pechmann, Ber., 27, 1888 ( 1894); Ber., 28., 
(1895). -- -
2F. Arndt, J. Amende and w. Ender, Monatsh., 59, 
(1932). 
lWith hydrochloric acid the yield was 95% in 5.5 hrs. 
2With hydrochloric acid the yield was 85% in 5.0 hrs. 
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1With hydrochloric acid the yield was 8% in 7 • 0 hr s. 
2 With hydrochloric e.cid the yield VIaS 89% in 5.5 hrs. 
3With hydrochloric a.cid there was no yield in 4.0 hrs. 
~Vith hydrochloric acid the yield was 82Jb in 6 .. 5 hrs .. 
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o hydrazine were detected. When ethyl N~nitroso-N-methyl-
1 
c 'rbamate was reduced in the presence of an acid the cataly-
t •c decomposition was avoided and good yields of the reduc-
lon products were obtained. 
Reduction of ethyl N-nitro-N-methylcarbamate was also 
more satisfactory in the presence of acid~ There is no 
I 
i o vious explanation of this; at no time was there any indi-
1 
c:tion that a nitroso compound was an intermediate in this 
r action and certainly no nitrogen was evolved from this 
I 
s , bstrate at any time during its reduction. Comparison of 
! 
t,e reductions of ethyl N-nitro-N-methylcarbamate with those 
o. ethyl N-nitrocarbamate indicates that in the case of the 
I 
l'tter compound added acid is no aid to the reduction and 
m _y, indeed, actually interfere to a minor extent. 
'/ In the case of the reduction of N,N 1-dinitro-N,NT-
I 
I 
-fimethyloxa.mide in purified 95% ethanol with platinum black 
I ,~ would appear that the presence of acetic ao:id promoted 
reduction. No hydrogen was absorbed in the absence of 
acid. 
It is interesting that the reduction of methylnitra-
~ne in distilled water required acid before any appreciable 
'hantity of hydrogen was absorbed. This in in line with the 
1 in a patent held by Gever • 
There is some question as to the reliability of this 
lG. Gever, (to The Norwich Pharmacal Co.), U. S. Patent 
1
,740,791 (April 3, 1956).· 
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i !formation as the reduction was too erratic a reaction to 
a \low one to be absolutely certain that the comparatively 
I 
s :all differences in yields in the cases, for example, of 
e ;hyl N-nitrocarbamate are trq.ly significant. On the other 
I 
hind, it is true that in those cases where the reaction 
I 
s a.rted the results tended to be fairly consistent. 
,j 
I 
I 
'! 0. Nature of the Substrate 
' 
1. N~nitrocarbamates 
Four N-ni trocarbamat es were reduced and the results 
w re uniformly good when purified 95% ethanol, purified abso-j 
l te ethanol or glacial acetic acid were used as solvents. 
T.le compounds reduced included an unsubstituted nitrocarba-
'l -
m 
1
.te, two N-ni tro-N-alkylcarbamates and one N-nitro-N-benzyl-
'1 
c 'rbamate. Three ethyl esters and an isopropyl ester were 
It appears, therefore, that this reduction is quite 
N-nitrocarbamates. 
2 .. N-Nitrosocarbamates 
Although only one N-nitrosocarbamate, the ethyl 
:methyl compound, was reduced this reaction was a smooth 
' 
o
1 
e end gave good yields. This fact, combined with the fact 
t~at, as will be evident in the other cases discussed, there 
is a general parallelism in the results obtained in the re-
corresponding N-nitro end N-ni troso compounds, 
one to generalize that the reduction of N-nitroso-
113 
c rbamates may also be expected to give satisfactory yields 
o the hydrazine. 
3. Primary Nitramines 
The primary nitramines reduced include benzylnitra-
m and representative members of the classes: alkylnitra-
I 
m nes, cycloa.lkylnitramines and bisnitramines. · In all cases 
I 
i 
t le reactions were satisfactory end it can be concluded that 
p .imary nitremines can be reduced catalytically to the cor-
i 
r [spending hydrazine. 
4. Amine Salts of Nitre~ines 
i The amine salts of nitremines reduce under the same 
c jnditions as the nitramines themselves. The yields of 
i h :drazines obtained are comparable to those .from the nitra-
i 
m ''nes end there appears to be no significant difference in 
I 
t !e rates of the reduction. 
I 
I 5. Secondary Ni tramines 
Although a number of different attempts were made to 
each of the five representative secondary nitramines 
i 'vestigated in this research no conditions were found which 
w 1uld allow the catalytic reduction of the nitro group with-
o 't destruction of the compound at some stage. The only pro-
cts which were isolated were the cleavage products ammonia 
d the secondary amine. Hexahydro-1,3,5-trinitro-s-triazine 
not reducible under the conditions investigated. 
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6. Secondary Hitrosoamines 
The secondary nitrosoamines all underwent the cleavage 
r e.ction and no hydrazine derivatives could be isolated from 
t e reduction mixtures. 
7. Nitramides 
Both of the nitramides Which were reduced in this re-
s 8rch underwent ready reduction and gave satisfactory yields 
i 
o , the substituted hydrazines after hydrolysis of the reduc-
t Jon mixtures. The range of compounds reduced is probably 
l 
: 
s 'fficient to allow the generalization that nitramides may 
b satisfactorily reduced by this method. 
D. Catalysts 
The catalysts used in this reseexch were platinum 
platinum on charcoal7 platinum on elumina, platinum 
o ,ide, palladium black7 palladium on charcoal, palladium on 
! 
:umina, rhodium black, rhodium on chexcoal, rhodium on 8~U-
I 
m :na and ruthenium on alumina. l.Tost of the work was carried 
i 
o t with platinum black as this appeared to be the most ef-
f ctive catalyst a.s far as the speed of the reaction was 
Of the catalysts investigated, the least active for 
reductions appeared to be ruthenium on aluminaw The 
c :mparatively small amount of this material on hand. resulted 
its being used only a few times; reductions with ruthenium 
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were so .slow that it was not employed more ext en-
The yield of methylhydrazine from methylnitramine 
1en ruthenium on alumina was used Wgs only 78% of the theo-
r :tic~ amount while with platinum black it often reached 98%. 
Although rhodium black and rhodium on the supporting 
i 
m jteria.ls charcoal e.nd alumina proved to be satisfactory 
c ~talysts in a number of the cases in which they were checked, 
' 
t 'e reductions required a longer time than with platinum or 
I 
' p lladium cate~ysts under the seme conditions and yields were 
I 
I 
f 'equently somewhat lower. Since the rhodium catalysts do 
n t possess any particular advantages as compared to platinum 
o palladium materials they do not appear to be of any spec-
i \.1 value so far as the catalytic reduction of N-ni tro or 
I 
N 1nitroso compounds is concerned. 
Platinum catalysts appeared to be somewhat more active 
c 
1 
asses of materials appear to be of comparable magnitude; 
I 
t :1e small differences indicated in the data tables are pro-
I 
not significant in most cases. 
The order of activity of both the platinum and pallad-
catalysts employed in this research appeexs to decrease 
the order: mete~ black, metal on alumina, metal on char-
The activity of palle.dium black was roughly the same 
!s that of platinum on ch·e.rcoal. It is concluded, therefore, 
I 
! 
hat, other things being e·qual, the order of e.ctivi ty of the 
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investigated decreases from platinum black to 
r 
i 
on alumina in the order in which they were listed 
first paragraph of this section. 
E. Temperature 
It was noted early in this research that the reduc-
t·bns were exothermic and that the reduction mixtures had a 
i 
i 
t hdency to become quite warm when the reaction went at a 
i 
m ~erate rate. It was also noted that cleavage of the 
I 
n ~regen-nitrogen bond to give the amine and ammonia occur-
/ 
r 1d most extensively in those cases in which the temperature 
r tse markedly. In order to determine the influence of tem-
1 
p 'ratur e on the reduction'" two series of runs were made. 
i 
I·~ the first, ethyl N~ni trocarbamate ~as reduced in purified 
9 % ethanol with 4.0 ml. of glacial acetic acid added and 
I 
I 
p :atinum on alumina as the catalyst. These reductions,. the 
d ta for which are presented in Table I, gave maximum yields 
i I the 20° to 50° C. range with only one-half of the. theoret-
,j 
i ,al amount of hydrogen absorbed_below 1.0° C. and with a 
I 
m'rked reduction in the rate of reaction after absorption 
I 
one-half of the theoretical amount of hydrogen in the 10° 
20° C. range. When the temperature exceeded 50° C. the 
y elds fell sharply end considerable amounts of ammonia were 
f·und .. 
The second se~ies consisted of the reduction of methyl-
n tramine in purified 95% ethanol with acetic acid added and 
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p atinum black as catalyst. The data for this reduction are 
in Table VI and are qualitatively the same as for 
N-nitrocarbamate series. Reduction was extremely 
I 
slow at 0° to 5° C. and there was a long induction period 
I 
' 
b fore any hydrogen was absorbed~ When the reduction Was 
I 
c;rried out at from 10° to 20° C. the reduction was still 
i 
v
1
ry slow and only 28% of the theoretical amount of hydra-
1 
was obtained. Again the maximum yields were obtained 
the temperature was maintained in the 20° to 50° C. 
ge. 
On the basis of the preceding data it is concluded 
the catalytic reduction of N-nitro compounds may take 
least two different routes. Apparently temperatures above 
I 0 
'proximately 50 C. favor the reaction involving fission of 
t 1 e nitrogen-nitrogen bond and production of ammonia and the 
I 
arbamate, B.mine or amide. At lower temperatures the reduc-
tion to the hydrazine-type compound may be the predominant 
In view of this it is suggested that a mean tem-
300 C. be used and that the temperature be 
aintained within 10° of this throughout the reduction. 
F. Variation in the Length of Time 
Required for Reduption 
Numerous examples could be quoted to establish the 
iact that the length of time required for a given reduction 
! 
.ore no relationship to the yield of substituted hydrazine 
I 
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,, 
ob 1ained. The solvent employed in the reduction bore no 
ob :!ious relationship to the length of time required for 
except that reactions in glacial acetic acid ap~ 
be a little faster than in other solvents. The 
v iation in the case of glaci~l acetic acid was so small 
th It it may have been due to the rand.om fluctuations ob-
se ved and may not be a real effect. Table XXIII shows 
acid to the various reduction media 
di 
1 
not give results which may be generalized as either 
orable or unfavorable as far as the rate of reduction 
concerned; the variations observed appear to be random. 
ination of Tables I through XII does not reveal any 
difference in rate which may be generalized on 
basis of type of substrate. Nearly all of the reduc-
required from four to eight hours. 
In each reduction there was noted an initial indue-
period which lasted from a few minutes to nearly an 
Although not all of the factors responsible for this 
er 
1
atic behavior are known, it was noted that the induction 
: 
' i' . pe ;liod bore an inverse relationship to temperature; it was I . .. 
mu .h shorter when reductions were carried out at room tem-
I 
1 . . 
th8.n when they were cooled end was still shorter 
the temperature was raised above the usual 20° to 30° C. 
this single exception no regularity was observed. One 
re
1
uction of ethyl N-n~trocarbamate in purified ethanol was 
c !ried out with platinum black as the catalyst. In the 
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1
sence of any added acid one reduction required only about 
I 
3 '5 hours with a yield of 85% while a repetition of this 
e eriment required nearly seven hours end gave a yield of 
The temperatures were essentially the seme (starting 
1 24° C. and rising to about 36° C. at the end) .. 
V REDUCTIONS OF SPECIFIC SUBSTRATES 
It is evident that one of the most important vari-
Which must be considered in connection with the fac-
t .rs which control these catalytic reductions must be the 
[ 
s 'ecific chemical nature of the material which is being re-
This will be discussed in connection with each of 
t e compounds reduced and those major factors or trends 
I 
' 
are shown by the data will then be summarized briefly. 
A. Ethyl N-Nitrocarbamate · 
The reduction of ethyl N-nitrocarbamate,· as shown 
i. Table I, proceeded smoothly in Eost cases provided the I . 
c trbamate was pure. The yields obtained were, on the whole, 
s'tisfactory except on those cases where no reduction occurred 
where the concentration of the compound was unusually high. 
difficulty due to fission of the compound was experienced. 
B. Ethyl N-Ni tro-N-methylcs..rbamate 
This compound (see Table II) reduced quite smoothly 
oept when quinoline was used as a solvent end the one 
ttempt, covered in·the written report, when cleavage occurred. 
e yields were quite satisfactory, ranging from 78% to 98% 
of the theoretics~. 
C. Isopropyl N-Nitro-N-isopropylcarbamate 
1 Reduction of this nitrocarbamate, as shown in Table 
I 
i 
:rr, proceeded smoothly and gave satisfactory yields of the 
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h drazine although the results were not quite so good as in 
t i yields ranged from 72% to 89% of the theo-e e bove cases; l . 
r !tical amount. 
i 
D. Ethyl N-Nitro-N-benzylcarbamate 
The reduction of ethyl N-nitro-N-benzylcarbamate was 
investigated so thoroughly as that of most of the other 
n 'trocarbamates becase of the Jlim.i ted semple available. Two 
r ;auctions were run, however, and both gave benzylhydrazine 
I 
:! 
hydrolysis of the reduction product. The first reduc-
for some unknown reason, proceeded unusually slowly and 
g 
1
Ve a 40% yield; the second was more nearly like that of the 
i 
o her nitrocarbamates and gave a 98% yield after hydrolysis. 
i 
I: neither reaction was there observed any indication of 
I 
h drogenolysis of the nitrogen to nitrogen bond. The appro-
! p iate data are presented in Table IV. 
E. Ethyl N-Nitroso-N-methylcarbamate 
Reduction of the N-ni tro so carbamates proceeded in 
e.~out the seme manner as did that of the nitrocarbamates. In 
'I t e case of ethyl N-nitroso-N-methylcarbamate the yields, as 
Table V, ranged from 85% to 91% provided there Was 
esent in the reduction mixture sufficient free acid to 
oid decomposition of the nitrosbcarbamate by the basic 
products. 
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F. Methylnitramine 
I Table VI shows that methylni tramine was reduced to 
I 
m \thylhydrazine in satisfactory yields using 95% ethanol or 
I 
g ;acial acetic acid as a solvent. In the other reductions 
t yieldJ altb.ough poorerJ .. was still fairly good except when 
t solvent was water. There was no indication of hydrogenoly-
to ammonia and methylamine in any of these reductions. 
G. Oyclohexylnitramine 
Oyclohexylnitramine was reduced in purified 95% ethanol 
a a._ a yield of 89% of the theoretical was obtained. This re-
·' 
d !ction proceeded at a rate which was somewhat below the usual 
r u~e of closely related compounds but it was a ·smooth reaction 
I 
,f no hydrogenolysis of the hydrazine formed or of the orig-
T !al compound was evident. 
I 
' I H. Benzylnitramine 
,I 
,j This compound appeared to reduce smoothly although it 
I 
i i evident from the data that there was a considerable amount 
.I 
o 1 hydrogenolysis of the molecule at some stage during the 
I 
r duction. The total amount of hydrazine and benzylhydrazine 
p educed corresponded to 96J~ of the theoreticaL In view of 
'I i . 
t 'e known propensity of benzyl compounds to cleave to give i . 
t ·luene under hydrogenation conditions it is felt that this 
r :auction must be considered to have proceeded satisfactorily 
a 1cording to the criteria used for the evaluation of these 
I 
r ;sults even though with N-bound benzyl groups hydrogenoly-
s s is difficult1 . 
:1 
I 
i 
c eded 
I. Ethylene-bis-nitr~~ine 
Catalytic reduction of ethylene-bis-nitramine pro-
smoothly ana. at the usual rate a~ though the yield 
b 'sed on ethylene-bis-hydrazine was only 56,%. 
I 
I 
I 
I J. Methylammonium Salt of lvlethylnitramine 
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Reduction of the methylammonium salt of methylnitra-
:! 
m me in organic solvents led to extremely high yields (96,% to 
9 
1
% of the theoretical) of methylhydrazine. The reaction was 
one and. no cleavage of the compound occurred. As 
s pwn in Table VII 1 no reduction occurred when distilled 
I 
w ter was used as a solvent. 
I 
I 
,, 
I 
I 
K. Isopropylammonium Salt of Methylni tramine 
Reduction of this compound proceeded smoothly and the 
r. sults were entirely satisfactory as is shown in Table VIII. 
L. N~Nitrodimethylamine 
Although several attempts ·were made to obtain N, N-
- imethylhydrazine by the reduction of N-ni troa.imethylamine 
n , conditions were found by which this compound could be re-
·t 
I 
d ced without a nearly quantitative cleavage to dimethylamine 
i · lW. H. Hartung and R. Simo.noff, 11 Hydrogenolysis of 
B nzyl Groups Attached to Oxygen, Nitrogen, or Sulfurll in 
" ,rganic Reactions, It Vol. VI!, John Wiley & Sons, Inc., New 
Y :rk, 1953, p. 263. 
i 
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ammonia. 
M. N-Nitrodiethylamine 
This compound absorbed hydrogen readily but the re-
in all cases led only to diethylamine and a~monia. 
N. Dicyclohexylnitramine 
Reduction of dicyclohexylni tramine led only to the 
I 
c :eavage of the nitrogen-nitrogen bond and therefore produc-
t ion of dicyclohexylamine and ammonia. No indication of the 
p of any of the corresponding hydrazine could be ob-
i 
I 
t ·ned.. The data are presented in Table IX. 
I 
! 
1
/ 0. N-Ni tromorpholine 
I 
1 Both attempted reductions of N-nitromorpholine resulted 
I 
i ' cleavage to morpholine and ammonia. 
P. Hexahydro-1}3,5-trinitro-s-triazine . 
Attempts were made to·reduce hexahydro-1,3,5-trinitro-s-
t iazine catalytics~ly but no conditions were found which lead 
t any absorption of hydrogen~ In view of the availability of 
t s compound on a large scale and the ensuing promise of suCh 
a;reduction commercially, an attempt was also made to reduce 
t e compound chemically with lithium aluminum hydride. No 
y eld of reduced material was obtained; this is attributed to 
t e extreme insolubility of hexahydro-1,3,5-trinitro-s-tria-
, 
I 
I 
diethyl ether used as a solvent~ The conditions 
I . 
i vestigated are given in Table X and Appendix II. 
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Q. N-Nitrosodimethylamine 
A number of reductions of this nitrosoamine were at-
t ,mpted but in each case, although hydrogen was absorbed at 
I 
a ,
1
out the usual rate, only the fission products dimethylamine 
', 
a 'd ammonia could be isolated. 
R. N-Nitrosodiethylamine 
With this compound, as with the above, the only re-
detected was the -cleavage of the N-N bond and co·ncur-
reduction to the amine and ammonia. 
S. N-Nitrosomorpholine 
N-Nitro soniorpholine on catalytic hydrogenation gave 
o :ly morpholine end ammonia. 
I 
T. N,N 1 -Dinitro-N,N 1-diacetylethylenediamine 
Catalytic reduction of this nitro compound gave fairly 
god yields of the hydrazine (51% to 73% of the theoretical), 
shown in Table XI. This reaction took place smoothly and 
t :e hydrogen was absorbed at a normal rate; about five hours 
required for the reduction to be complete. 
U. N,N•-Dintrio-N,N 1-dimethyloxamide 
Tijis bisnitramine reduced readily and gave very sat-
i factory yields of methylhydrazine after hydrolysis provided 
a etic acid was added before reduction, as shown in Table XII. 
------. -~ --· L-~----·· ·----~-. -·---
VI .SUMNIARY 
I 
I 
II ,. N-Ni trocarbamates, N-nitro socarbamates., primary ni tra-
min s and their salts and nitramides are all reducible to the 
hyd 1 azine-type product in suitable solvents by hydrogen and 
nob.e metal catalysts. The yields are variable and notre-
pro ucible under any conditions investigated. The major 
reaction is the formation of the.· carbamate, amine or 
e with ammonia being split off. Secondary ni tramines 
an secondary nitrosoamines are cleaved nearly quantitatively 
un [r the same conditions. Optimum yields are obtained when 
th temperature is maintained Within 10° of 30° a. At tem-
pe 
1 
tures much higher than thisJ cleavage of the nitrogen-
1 . 
ni ,' ogen bond is the predominant reaction. 
The reaction is not dependable; there are numerous 
ex plea which can be selected from the de.ta to illustrate 
! 
th t a given substrate may be reduced to the hydrazine-type 
co pound at one time and either not be reduced at e~l or 
I 
un 'lergo cleavage when an attempt is made to repeat the exper-
im Int. This erratic nature of the reaction is the most 
II 
pu: zling single feature of this research6 
,/ It seemed possible that these erratic results were due 
to the presence of trace amounts of poisons. In order to 
ck this hypothesis several solutions which failed to 
ab orb hydrogen were filtered and treated with fresh catalyst. 
In I no case did this aid by causing the reduction to start. 
I> 
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same process of removing end replacing catalyst was 
: plied to one sample four times and was completely unsuc-
•1 
I 
cessful in causing the re 8,ction to occur when hydrogenation I 
Vi 8.s attempted. The filtration wa-s accomplished with the aid. 
o~ a carefully cleaned sintered-glass disc sealed into a 
I P rex funnel end every precaution was taken to avoid expos-
I 
I 
the sample to any source of contamination. 
A further check on the possibility that trace amounts 
catalyst poisons were responsible for the erratic nature 
this reduction was made by the addition of materials 
w:ich might be expected to effectively remove many possible 
I 
p:isons from the medium. In particular, gelatin and 
I 
( thylenedinitrilo)tetraacetic acid were used. The former 
I 
:m · ght well precipitate many ions of heavy metals and the 
I 
i 1 tter forms stable chelate compounds with many ions. It 
I 
\ 
w .. s found, however, that not only did neither of these mat-
e ials promote the reaction but that the ( ethylenedinitrilo_)-
, 
t 'traacetic acid i~hibited it. Gelatin apparently serves 
ither to inhibit nor to promote the reduction. The other 
terials which were checked, glycerol, glucose and a number 
common inorganic substances, were found to be w~thout 
I portant effect on the reaction except for a few salts ( eg. 
'rcuric chloride) which are ltnown1 to poison noble metal 
c talysts and which completely inhibit the reduction of 
1w. H. Carothers w1 th R. Adams, J • .Am. Chern. Soc._, 
1047 (1925 ). - --
12.8· 
ethylnitramine in aqueous medium. 'The inor~~ic materials 
:ested included those substances which Carothers end Adams 
.ound to greatly promote the reduction of benzaldehyde to 
i 
,enzyl alcohol. 
:.~· Although these experiments do not conclusively prove 
' at the erratic natu:t>e of the reductions was not due to the 
I 
:!resence of unknown eate.ly~t poisons or accelerators, they 
make it diff~cul t to accept this hypothesis as the sole, 
even as the major, factor. 
The major regularity which was observed in these re-
i . 
:uctions was the tendency of secondary n:i_ tramines and second-
ry nitrosoamines to undergo cleavage at the nitrogen-nitrogen 
I 
1
ond while N-ni tro carbamate a, N-ni tro so carbamates, primary 
I 
' itre.mines and their salts and nitramides are reducible with-
.iut this cleavage, at least occasionally.. From this it might 
I ppeex that the dialkylhydrazines may be formed but have the 
I 
·ropel"ty of rapid hydrogenolysis. There are, however, a I . . 
lumber of reports in the literature in which it is stated 
;hat compounds of this type are produced, in small yields, in 
i 
'I 
he presence o~ noble metal catalysts and hydrogen and there 
no evidence in these reports that such hydrogenolysis occurs. 
1 .· . . . 
Gever has recently obtained a patent on the reduction 
N-nitro compounds in which the nitrogen is part of a ring 
! 1 G. Gever (to the Norwich Pharmacal Co.), U. S. Patent 
',740,791 (~il 3, 1956). 
d apparently yields are 
/ CH.l.\ 
CH~ 
I N- No~ 
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c; 
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~cceptable in this case. Paal and 
C.#-. 
c:,_ ""' I AI- AI I.J,_ + ~ H:J-0 
0" / c.. 
1
ao1 , in an investigation of the catalytic reduction of 
I ~~nitrosodiphenylamine, reported the formation of small 
ounts of N,N-diphenylhydrazine which was not cleaved by 
alladium on calcium carbonate or on barium sulfate in the 
resence of hydrogen. 
An experimental determination of the stability of 
,N-dimethylhydrazine by the author did not reveal any 
leavage of this compound in 95% ethanol or in distilled 
ater when stirred with platinum black under 60 p.s.i. of 
ydrogen, the same conditions under which cleavage of 
methylnitramine and N~nitrosodimethylamine was quanti-
Another possibility to account for the cleavage, is 
the nitrogen in t~~ dialkyl compounds is more basic 
in the other materials and that this basic character 
s responsible for the tendency of the N-nitro and N-nitroso 
lc. Paal and W. N. 'Y:ao, Ber., 63B, 57 (1930). 
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d.alkyl amines to undergo cleavage of the nitrogen-nitrogen 
b nd. If this were true, one would predict that the reduc-
11 
'i 
I 
t ·on of· N-nitrosoctiphenylarnine, a compound in which the nitro-
g n is not appreciably basic, by noble metal catalysts under 
hI drogen would lead to N, N-diphenylhydrazine. This reduction 
reported in the literature1 and the products were 
be diphenylamine and nitrogen. It is reported that 
.e reaction consumed 1.5 moles of hydrogen and released 0.5 
le :of nitrogen for each mole of the nitrosoamine. Paal and 
Y .o interpret this as a reduction involving first the forma-
1,1,4,4-tetraphenyltetrazene~2 and then the reduction 
this compound to the tetrazane which undergoes immediate 
c eavage to diphenyl amine and nitrogen~ As support for this 
i 
m'chanism they offer e.n experiment in which they treated 
'I 
1~ 1, 4, 4-tetraphenyltetrazene-2 with palladium on calcium car-
or on barium sulfate and obtained a quantitative yield 
of the diphenyl amine and nitrogen with ethanol e.s a solvent. 
I 
I 
From this work it would appear that the reduction of 
propounds in which the nitrogen is not basic (for example, 
t. e nitrocarbamates, nitrosocarbamates and nitramides) might 
expected to produce some tetrazene during their reductions. 
It~ is noteworthy that C. :Elmer, in a reduction of· ethyl 
-nitro-N-methylcarbamate, found some 1,4-dimethyl-1,4-dicarbe-
1 c. Paal and W. N. Yao, Ber. 63B, 57 (1930); Chern. 
bstr., 24,. 2437 ( 1930). 
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t 1oxytetrazene-21 • He was not, however, able to repeat this 
; 
;2... :c~ H,s-O:J.. CAl {po~ ) c. H.f + 'I 1/;J. Pt ) · 
It appears that the reduction 
_,.. C. H9 
C:J. llro~ CP 
'\ 
1, r Ciii~IJ 
N 
/ C-:1. H.r olc.N_ c 117 
of N-nitro and N-nitroso 
' 
' 
involves at least three different reactions which 
I 
m :y be represented as follows: 
! 
t While it is entirely possible that more than one of 
I 
th~se r6utes may· occur concurrently, it appears that the:::t'orm-
1 
at on of hydrazine.,..type compounB.s by route (I) is the favored 
lc. Elmer, "I. Thermal Decomposition of Bis-Nitroso-
c ; bamates II. Reduction of N-nitrocarbamates 11 , Thesis_, 
Bo ton Univers~ty, 1951. 
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c p-rse for reduction of N-ni trocarbamates, N-nitro-so carbamates, 
~mary nl tramines, the salts of primary nitramine s and ni tra-
1des at room temperature, although route (II), involving 
i 
'ssion of the nitrogeri-ni trogen bond, occurs''to some extent 
.d is favored at higher temperatures. Apparently route (III), 
I 
i 
I 
a tetrazene, may occur occasionally but the 
i 
c :ndi tions which favor this route, other than low temperatures 
absence of added acid, are not clearly defined at present. 
The reduction of secondary nitramines and secondary 
n :trosoamines appef!rS to favor route (II) in most cases and 
(III) in the reduction of those compounds in which the 
nitrogen is not appreciably basic. 
--
\ 
:( 
I 
I 
V·I APPENDIX I, Selected References to the Use of Hydrazine 
and its Derivatives as Rocket Fuels 
N., J. Space Flight, 2, 1-4 (1950). 
B gess, E., J. Am. Rocket Soc., No. 65, 18~19, 23 (1946). 
C 1ark, J. D., Ordnance, 36, 661..,.3 (1952) .• 
i -I .. 
D · Groote, M. and Keiser, B~, U. S. Patent 2,400, 394 
j (May 14, 1946). 
I 
I . . 
D 1plock, B. ·R. and Grimston, R. A.,~ Roy. Aeronaut. Soc., 
i 57, No. 505, 19-28 (1953). 
! -
N at, W. N., J. Brit. !nterplanet. Soc., 12, 249-74 (1953) • 
. I - --.- --
1 Swyer, F. G., Chern. Eng.News, 27,2067-9 (1949). 
S :ott, F. ·E., Burns,. J. J. an·d Lewis, B., U~ S. Bur. Mines, 
1 
Rept. Invest., No. 4460,. 18pp (1949). 
'I 
I 
S 'olnik, S. a~d Kruse, H. w., U. s. Patent 2,712,496 
' (July 5, 1955). 
S olenski, D., Wiadomo sci Chern., 7, 58-86 ( 1953); Chern. 
\ Abstr. 47, 12818 ( 1953). 
S a.nley, R. M. and Sandstrom, R .. J., Aeronaut. Eng. Rev., 
· .§_, No. 8, 22-6, 72 ( 1947). : 
S. erfie1d, M., J .. .Am. Rocket Soc., 21 1 No. 5, 108-14 (1951). 
S tton, G. P., J. Am. Rocket Soc., No. 72, 2-9 (1947). 
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V II APPENDIX II, Chemical Reduction of 
Hexahydro-1,3,5-trinitro-s-triazine 
Since it is well known1 .that N-nitrqso compounds are 
r duced to hydJ:.'azines by lithium aluminum hydri,de, it was . 
f an attempt to reduce hexahydro-1,3,5-trinitro-s-
t_LiAII/If ) 
.l- Jl~() 
R) \ . 
I #AI";), 
ll,_ 
with this reagent might be interesting. It was 
h ped that the organic compound, while only very slightly 
I . . . . 
s U.uble in diethyl ether, would be sufficiently soluble to 
I 
i 
e> p..ow the ree.ction to proceed at a satisfactory rate. It 
I 
1s hoped that the reaction 
I 
I 
I 
I . . . 
~ added 22.2 grams of hexahydro-1, 3, 5-trinitro-s-triazine 
:I ( 'r 10 mole). The mixture was .he a ted under reflux for eight 
! 
end then allowed to stand at room temperature over nighta 
was. no visible indication of a ree>ction. The solid was 
from the solution, rinsed with dry ether and the 
1w. F. Schueler and 0. Henna, J. Am. Chern. Soc., 73, 
496 (1951); 0. Hanna and. F. Vl. Schueler-;-;f. Am. Chern. Soc., 
7 ~ 3693 ( 1952); 0. G. Overberger, J. G. Lom'bard:ino and--p::--G. 
H-skey. J~ Am. Chern. Soc., 79, 6430 (1957). 
134 
135 
point determined. It melted at 203° to 204P C. and 
s 'owed no depression of the melting point when mixed with a 
k ~own sample of the triazine. Inasmuch as the recovered 
'I 
m ~erial weighed 21.7 grams it was concluded that little or 
n i reaction had occurred. 
This was checked by treatment of the ethereal solution 
1.1 moles of anhydrous ethyl acetate) acidification of 
t e resulting material and evaporation to dryness to remove 
I 
I 
.t e volatile organic compounds. The bulky residue Was dis-
a 
1~ved in water and 40% sodium hydroxide was added until the 
~uminous precipitate of aluminum hydroxide had largely 
This solution was steam-distilled until approx-
136 
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I 
. P?l"t B 
HE REACTION 0 GRIGNARD REAGENTS WITH TETRAZENES 
I 
NTRODUCTION 
In 1951, C Elmer1 , in a study o~ the catalytic re-
duc ~ion· of ethyl· ~-nitro-N-methylcarbamate, in an anomalous 
red ction observe& the formation o~ 1.4-dimethyl-1,4-dicar-
'/ . . .. I . , 
bet.oxy-2-tetrazene (I). This compound is o~ interest be-
eau 'e it melts a1125 to 126° C. (literature 127 to 1290 G. ) 2 
~ >N- AI= M- AI(C!113 
c.t& b.~,.C · (I) C O.a c., H.r 
and a boiling poirt o~ 175° c. (Siwoloboff) can be taken 
wit
1 
out decomposi[ion although nearly all of the other known 
te tazenes lose n trogen on being heated. In 1950, Briggs3 
i 
ob erved the forinJation o~ an unstable oil in an anomalous 
re hction of met~~lnitramine with zinc dust and acetic acid. 
compound is believed to have been 1, 4-d.imethyl-2-tetra-
ze (II) as it gave 1, 4-dimethyl-l,A-dicarbethoxy-2-tetra.-
- - I 
ze on treatmenil with ethyl chloroform ate and base.. No 
. I 
I. 1 c. Elmer) 11 I. Thermal Decomposition o~ Bis-ratroso-
carbamates II. ljted1;1ction of N7nitrocarbamates,11 r.['hesis, 
Bo $ton University, 1951. . _ 
, . . I . 
2 E. A. K~obbie, Rec. trav. chim., 9, 148 (1890). 
3R. M~ Brtggs, 11 The Preparation of Substituted Hyd.ra-
zi es, n· Thesis., Boston University, 1952. 
1 
2 
1,4-dialkyl-2-tetrazenes are known 
~~H 
and this compound 
~ .. _;.ao., ~H.r 
. 'r IV 
Jv 
1, r c2Ciis-Oe;t C'C' I I 02~4.11 ---?. 
N 
I 
IV 
dft,'H 
'}/ · t- c:2 AI~ eJ-
N fCJJ/~6 
I 
~(!.t).,_(!., Jl.r 
unstable to be thoroughly characterized. 
Since it is possible to prepare 1,4-dia.lkyl-1,4-di-
c bethoxy-2-tetrazenes by oxidation of the corresponding 
I 
yl-N-sminocarbamates, which in turn can be prepared by 
th I reaction between ethyl chloroform.ate and the alkylhyd.ra-
zi ,e or by reduction of the N-alkyl-N-nitrocarbamate, these 
erials are available. It was intended that· a study of 
th 1 properties of the 1,4-dialkyl-2-tetrazenes be made and 
th /t these materials be prepared from the ca.rbethoxytetra-
1 
ze 'es • 
. , 
i It has been shown that hydrolysis and ammonolysis of 
1, , dimethyl-1, 4-dicarbethoxy-2-tetrazene are very slow pro-
! 
ce:ses1 • Since it is known that acetone is readily elimi-
na ed from·- acetone-amines, it was felt that a study of the 
re. ction of methyl Grignard reagents-with carbethoxytetra-
I 
I I . 
ze.es should be made in order to determine whether the car-
r 
be hoxy group could be made to undergo a typical Grignard 
I 
reaction with the formation of a molecule from which the 
I 
lc. ·Elmer, 11 I. Thermal Decomposition of Bis-Nitroso-
c · bamates II. ReQ.uction of 1-7-ni trocarbamates, II Thesis, 
B ston University, 1951. 
i 
des \rea. 1,.4-dialkyl-2-tetrazene could be prepared under con-
dit ons sufficiently mild so that it could be isolated ana. 
iea.. The sequence of reactions which it was hoped 
:a. be used is as follows: 
I It was recognized that the Grignara. reagent might 
I 
we1~ react at the nitrogen-nitrogen double bond since the 
I 
I 
an i ogous reaction w1 th azobenzene is known. However, if· 
I 
i 
th ;s latter reaction were to occur it was felt. that the 
I . 
te 
1
razane produced would be of interest since no tetra-
' 
z :es with hydrogens on both of the center n1 trogen atoms 
known. 
The purpose of this investigation, therefore, was 
determination of the nature of the reaction of typical 
te razenes with representative Grignard reagents in order to 
I 
i 
establish whether this reaction can be of any use in the i . 
p eparation of other types of compounds. 
4 
II SURVEY OF THE PERTINENT LITERATURE 
A. Tetrazanes and Tetrazenes 
The tetrasubstituted tetrazenes have been known ~or a 
e~ of years. In 1927, Busch and Haase1 prepared 1,4-di-
cyc 1ohexyl-l, ~d.iphenyl~2-t.etrazene (I) and l, 4-dicyclohexyl-
-1, 
1 
di-p-tolyl-2-tetrazene (II) by the oxidation o~ the cor-
! 
res onding 1,1-disubstituted-hydrazines with yellow mercuric 
in chloroform solution. The reaction may be formulated 
w 
I'- C'!~ • Ct 11,) Ll ("- c11d - e"H,.....,. ) AI AI h'..t 1 01 /7j tJ ~ t!. ./AI-AI== J 02 
: ~~ . ~~ ~ 
I i .· . -r DJJ-Is rarJao 
; 2 burn and Bailey in 1928 oxidizefl. acetone phenylhydrazone 
I '" 
potassiUm permanganate in acetone solution to obtain 
: dipropylidine-2,3-diphenyltetrazane :(III). In each 
I 
a yield of approximately 85%.of the theoretical 
1 1M. Busch and G. Haase, J. prakt. Chern., 115,186 (1927); 
Ch m. Abstr. 21, 1102 (1927). 
I 2G. T.~yburn and J. R. Bailey, J. Am. Chem. Soc., 50, 
90r (1928) •. 
Minunni and D •ursol prepared a series of tetrazanes 
· e studying the oxidation of hydrazones with amyl nitrite. 
In ~ typical preparation_, the hydrazone was refluxed in 
I 
I 
di phyl ether with amyl nitrite for four hours. After being 
)owed to stand undisturbed for two hours the precipitate 
waJ washed with fresh ether and recrystallized from boiling 
be ;zane to give the tetrazane. The yields were low; 20% was 
This procedure was not completely general as it 
wa found that o-hydroxybenzal-p-tolylhydrazone did not yi~ld a tetrazane under these conditions. m-Nitrobenzal-p-
11 
to ylhydrazone_, (IV)_, on the other hand_, was found to be 
!\ 
o ":dized by the amyl nitrite to give two isomeric products; 
l, ~-di-m-nitrobenzal-2,3-di-p-t·olyltetrazane (V) and 
I 
defydro-m-nitrobenzal-p-tolylhydrazone (VI). The dehydro-
1 . 
h ', razone could be condensed to the tetrazane by treating 
I 
· :
1 
h glacial acetic acid and sodium nitrite for three days~ 
. ~CJ-\=M M\-i~CJ-\~ 
NO \\1 "~ ..l_Y.. 
N-C= N 
1 l 
~ ~-~-NoL. 
-T---=------ C.\1\ 3 
lG.Minunni and S. D1Urso, Gazz. chim. ital., 57, 
56 (l927); _Ch_e_m_. Abstr. _, _22_, 238IT9~ -
5 
6 
1 In 1929, Goldschmidt and Bader1 descr:tbed the prepar-
, 
atio:h of some tetrazanes by the oxidation o-f a series of 
1,2 
e-r-r 
.p.iaryl-1-acylhydraz:tnes w1 th lead dioxide. 
I ' 
i Busch and Lang2 , while conducting a study of the 
! I • -
eta of nuclear substitution in asymmetr:tc benzarylhydra-
' i 
zin :s, in 1936, prepared a. series o-r tetrazenes using mercuric 
oxi :e in chloroform at 0° C. as the oxidant. 
Lieber and Smi th3 presented a reView in 1939 w:b.ieh 
I . - - . 
con ,ains much in-formation on guanyltetrazene chemistry. 
While it has been shown4-~that the isotetrazenes "formed 
by he react:ton o-r ·aromatic diazonium salts and hydrazines 
I . 
are 1extremely unstable, those prepared by Hofmann from amino-
gu /idine were remarkably stable. For example, Ho-fmann ·and 
l 
Hoc :5 studied the condensat:ton of 5-aminotetrazole diazonium 
.. I - . 
sal :s with hydrazines and prepared some new guanyltetrazenes. I . . 
The 
1 
prepared diazotetl;'azolebenzalaminoguan:tdine (VII) by 
add lng diazotetrazole to a solution of benzalaminoglianidine I . 
I . 
I 
conjaining acetic acid. The compound "formed was stable at 
roo ; temperature. They also prepared diazotetrazoylphenyl-
'hy azide (VIII) from diazotized 5-aminotetrazole and phenyl-
/) ·' . . ~ 
Is. Goldschmidt and J. Bader, ~~ 473, 137 (1929). 
2M. Busch· and K. Lang, J. prakt. Chern., 144, 291 
(19,6); Che~. Abstr.,. 30 1 3794~1~36) • 
. -
3E. Lieber and G. B. L. Smith; Chern. Rev., 25, 237 (1939). 
· -4E. Fischer, Ann. 1 · 199, 306 (1879); Th. Curt:tua, Ber .. , 
26, · 1263 (1893); A. WOFii1 Ber., 26, _158?_ (1?9_3). 
5 . K. Hofmann and. H. Hock, Ber. 1 ~~ 2946 (1911). 
7 
hy lazine. 
/Vr : ~ C~ t 7- /1.2Aie( NH) AI Jf/11'::: C/1 {IJ 
~ N=N I 'c.-N=AI-AI-N'=-CH¢ -1- ii"~-}IN-N~ /&_~=#II (JZJI) 
AI¥ ; ~ (1 A/;/ 1· /I.;~ A/ AI )f ¢ ~ AI ~M AI 'II /.( 
1 } -;\/.=-/.,-AI. -tV# r :I-III-
; Jt/V- (1t:m) 
: In 1945 Eagnol. prepro.ed a series of l-a.lkyl-1-ni tro-
' 
by boiling the metal salts of ni trophenyl-
. azones w1 th alkyl iodides in anhydrous media and in the 
'I 
abs 
1
nce of air. The hydrazonee formed were then hydro:l;.yzed 
to he hydrazines'whiCh were oxidized to tetrazenes by ferric 
I 
chl 1 ride upon heating in dilute hydrochloric acid. This 
ence may be formulated as follows: · 
L_ N/IAI =-C!/IAr f MtJ~!ir---;; {QIIN=C!#Ar }/119~"ri14C.Hs 
~0 . #~ 
.2... 
1.~AI (I" fi'¥ t' # = C/1 Ar) M t f RI ~ t?..:z.AI C;/1-y A/ _,fA/.:::- ei/Af' 
i . -f N1I 
1 (J~A/ C~, !l't /V' ,f# = C/1-fir f/1.:~0 ~ tJ..2.tV C~ .#11 .AIA'AII/..1. t-ArcHtJ 
i 
Although many tetrazo compounds are quite stable there 
ar ~ many which may be hazardous to personnel. Whenever hand-
I 
li 1g new compounds of these types the worker must always exer-
ci~e the proper precautions against explosion. Bowden and 
G j,ton2 have shown that contaminants of a gritty nature are 
lM. Ragno, Gazz. chim. ital., 75, 193 (1945); Chem. 
Ab tr., 41, 4127 (194_7). - ,.. .. 
I - . • 
( 
2F. P. Bowden aiid o. A. Gurton, Proe. Roy. Soc. 
ndon),. Al98, 337 (1949). 
oft.'n initiators for explosives of various types. These 
:1 . 
wor
1
ers have proposed that the grit particles are capable 
of ·reducing transient hot spots of sufficient temperature 
(de' endent upon the melting point of the contaminant) to 
iniJ iate the explosion. The transient hot spot temperature 
:J 
fo 'j the ignition of tetrazenes and various other explosives 
I 
: determined using as grits: silver ni t:rate, potassium 
8 
ni rate, potassium dichromate; silver bromide, silver iodide, 
i . 
le ~ chloride, borax, bismuthi te, chalocit e, galena and cal-
ci ~- R. Scbmittl has described some further explosion char-
! ' 
ac 1eristi.c8 of tetrazenes. 
In 1943, L. Birkofer2 hydrogenated 1,1,4,4-tetra-
j . 
be ·zyltetrazene at room temperature and atmospheric pressure 
in /'~he presence of palladitim oxide in alcoholic medium. The 
only product isolated in good yield was dibenzylamine. This 
{Jz> t!.il_,) ,_ ' AI, 
~ {pcfk)~p...-N 
is ;an example of the same type of hydrogenative fission as 
th t proposed by Paal and Yao3 in their study of the reduc-
ti .n of nitrosamihes. 
i The absorption spectra of several tetrazenes and tetr~ 
1R. Schmitt, z. ges. Schiess. u Springstof~, 
Ni rocellulose, 38, 133 (194~); ~. A~str., 38, 2822 (19~). 
2L. Birkofer, Ber., 75B, 429 (1942). 
-~ -
3c. Paal and W~ N. Ya.o, Ber., 63B, 57-66 (1930). 
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are described in the li ter_ature. In some instances 
at ,etural correlation has been possible.by comparison with 
the . spectra of compo.unda of known structure. This work has, 
how 1ver, not been extensive and theref'ore no attempt will be 
I 
mad to discuss the spectral evidence f'rom the structural 
poi ! t of' view. ( Sidgwick1 adequately describes the estab-
' lis; ent of the s-eructure of these compounds .. ) The spectral 
datI maY, however, prove of some value as a method of iden-, 
I 
I tif~/ cation of these types of' compounds and is, theref'ore, 
s . arized in Appendix I. 
1 B. Reaction of Tetrazenes 
1 with Grignard Reagents 
'i Because the Grignard reaction is so very well known 
I 
andjwidely used in organic chemistry no attempt will be made 
I 
her: _to give a comprehensive review of this -subject. A very 
I tho ough review of the Grignard reaction has been gi veil by 
I 
Kh · asch2 and he and his co-workers have published an exten-
papers on this reaction over the period 1941 
There is also a very good review by Cymerman4, 
butj unfortunately this is not readily available. 
i 
I 
I 1 N. v. Sidgwick, "Organic Chemistry of Nitrogen, 11 
Ox brd University Press, .~ondon, ~949, pp. 462. 
- 2M. s. Kharasch ana.. o. Reinmuyh, u Grignard Reactions 
of onmetalJ_..ic. Substances, 11 Prentice-Hal~, Inc., New York, 1954. 
3Kharasch, et al., See Appendix II for references. 
4J". Cymerman, Sci. J. Roy. doll.~ ·15, 1 (1945). 
10 
The. closest analogy to a reaction between the tetra-
gDouping and a Grignard reagent which could be found in 
.literature is the· reaction of the organometallic compoun.<l 
azo compounds. It is known, for example, that azobenzene 
rea ;ts with two equiviuents of ethyl Grignard reagents to 
yie'd the reduced product hydrazobenzene and an alkanel. It 
I . , 
is so known that the initial reaction in cases of this type 
inv;lves the formation of a precipitate which suggests com-
formatiO:n2~ The mechanism which has been proposed for 
reaction is indicated below. 
;~-IV-=AI- ~ 
I. • • t1. 
I t ><-rya 1- '1s-x 
\ R f< 
flJ?f4-¢ X-~ N8-x Rq 
tl# ,. 
~-N-N-¢ 
x-h8 h8 -x 
> 
> 
~-11===-r- ¢ 
x-'f18 Mg-X \'\' ~ 
~-,¥-,it-.¢ 
x-h8 h8x 
+ R-R. 
pt'v'II-AIII-¢ 
> t- N8 %., r ~ (tJ /1 ).:>.. 
; The fate of the organic portion of the Grignard reagent 
.I . . 
de 1ends to a considerable extent on- the identity of this group. 
'I 
I 
J 
lFranzen and Deibel, Ber., 38,· 2716 (1905). 
2A Taurine, .Acta,- Univ. · Latviensis, ·Kim. -Fakult •. 
Be ija, 2: 321 ( 1934);]hem. Abstr., 29, 1400119~5). 
. ready decomposition into two molecules of amine and 
i 
1.1 
nit, ogen2 , it seemed possible that this reaction of the Grig-
1 
I 
n reagent with tetrazenes might provide a new method for 
., preparation of tetrazanes, the over all formulation being: 
It was, on the other hand, quite possible that the reaction 
mi ht be entirely different from that of azo compounds since 
th analogy is by no means exact. 
1Franzen and Deibel, Ber., 38, 2716 (1905) ~ 
2d. Paa.l and w. N. Yao, Ber., 63B, 57 (l93o). 
III I DI SdUSSION 
A. Discovery of the Reaction Between 
?-Tetrazenes and ~rignard ~eagents 
Ethyl· N-ami~o-N-methylearbamate w~s prepared by the 
rea,tion between methylhydrazine.sulfate and ethyl chloro-
' ' I 
fo 1ate in the presence of sodium hydroxide. The aminoear-
! 
then oxidized to 1,_4-dimethyl'"'ll, 4-dicarbethoxy-2-
(I) with iodine. A pure product, melting at 
to 125° ·C., was obt.ained upon crystallization from 
ol. This series of reaction~ may be formulated as 
fol ows: 
i C/1.3 AI!IA/11~•/1.:~9~~;~· f.JA/viJ/1 f 0/CO~ C!~/14' 
· ~ c t¥.1 IV{.A/11..) ~o., c.,/l.r t A/9 ~3/J" t- ~ e1 ~ a,~,~,., tJ 
02 Cf~.jlti(NJ/~ 01)~ C'.,JI.s- f ""I.a r ~.MJ#~tJ.J 
~ f'Tl . tV-N (e!IIJ} ~o~ c.,JI.r 
~/ f{;_N (~Ht~) ~o, C.,ll..r-1- f~I i/fCO.,ft -1-~//,.,() 
wh~ther the reaction would proceed at the ni troger.l.,.ni trogen 
dDfbl.e l:x:>nd. It was thought that 1f the J.atter reaction 
were to occur the prod~et would probably be either the tetra-
{;'- AI {aH-') (!(), C',Hd- ;. 1i' HI x ~ ;-;Al-A/ (CII.J) eo.,_ C',# Jlcr 
AI-N{CH3)c!o*'c.,Jio ~ /l.t'O r Nt-N{~Ha}e~.:ae~flo-
!1-r- ;V{OIIo~)~~~ C'JJII.r --?,. ~· C',IJ& A/.# l?CJ..:z l?.:.#s f ~ ?' 
/I-N-IV {eN,~) CtJ~ (!.,Jio 
l2 
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zane or ethyl N-methylcarbamate whichmight well result from 
deco'position of the tetrazane if this were formed. 
1: On the other hand, if the reaction were to occur at 
the ~arbetho:xy groupe, the .Product would be expected to be 
eit :er the diamide (II) or the tertiary alcohol (III) 
nei lher of which represents a known class of tetrazene com-
pou ds. 
II 
When the ethyl Grignard reagent was mixed with an 
et' rreal solution of the tetrazene no visible evidence of 
an/ reaction was observed. There was no color produced, no 
helt was evolved in quantity large enough to be detected un-
11 . 
a.e!l the conditions employed and no precipitation occurred. 
I! 
:; 
Th s is distinctly different from the expected mode of be-
~ . h ior if any reaction analogous to known reactions of Grig-
1 . 
,, a. reagents with azo compounds, esters or amides were oc-
When the ethereal solution was decomposed by the 
of water and dilute hydrochloric acid the most 
table result was the formation of a deep brown solution. 
traction of the aqueous layer w1 th carbon tetrachloride 
benzene gave a violet organic phase which suggested that 
e color was due to free iodine. It was found that the 
14 
was discharged.when the solution was treated with sodium 
bis fi te, sodium thiosulfate or hydrazine. This was regard.e<ll: 
as 
in 
Gri 
wa.s 
of 
sti 
of 
1 
equate confirmation t~at free iodine was.present. A sur-
! f the pertinent literature did. not reveal i3l1Y known· cases 
I 
. ch free halogen has been noted during the workup of a 
II 
I 
nard reaction. 
In order to establish that the formation of free iodine 
I • 
really due to the tetrazene and. not to impurities in any 
I I . . 
he reagents, this experiment was repeated with the sub-
1 
I 
ution of 1,4-dimethyl-1,4-diphenyl-2-tetrazene (IV) and 
I . 
i 
:, l, 4, 4-tetraphenyl-2-t etrazene ( V), in which there· would I . 
!>AI-M A/-;1/<! ~ (n!.) C/13 
~A/-~ Al-AI<: 
appfar to be no active center for a reaction with ethylmagnes-
ium/:iodide other than the tetrazene linkage, in place of the 
1,4+d1methyl-1,4-dicarbethoxy-2-tetrazene. In all cases the 
I 
res ,lts were substantially the same as for the first trial. 
no 
I 
blank determinations were made on all reagents under the 
conditions, but without the addition of any tetrazene, 
ree halogen was detected. 
That this reaction was dependent upon the G~~gnard re~ 
was established by blank determinations on the reagents 
wit'out the addition of the ethylmagnesium iodide solutions; 
15 
·I as ,xpected no iodine was set free. Experiments were also 
using ethereal solutions of ethyl iodide and of_ mag-
urn. iodide in place of the Grignard reagent·. Again it 
wasjfound that no free iodine could be detected after hydroly-
' I 
si ·~ In view of the known basic nature of Grignard reagents, 
ad. i tional experiments with ethyl iodide and with magnesium 
I io 'ide were carried out both in the presence of crushed 
I 
so ;1-um. hydroxide sticks and w1 th the use of aqueous sodi'Ulll 
hy : oxide for hydrolysis.~ In neither case was there any . 
I 
ev ,la.ence of the formation of· a free halogen; acidification 
of ;the aqaeous layer with hydrochloric acid did not liberate 
an,/ iodine. 
Treatment of 1, 4.-dimethyl-1_,4-,d.iphenyl-2-tetrazene 
of 1,1,4, 4-tetraphenyl-2-tetrazene with phenylmagnesium 
de in place of ethylmagnesium iodide was found to produce 
t e free halogen upon hydrolysis of the resulting mixture. 
T 
i 
' 
I 
in combination with the data presented above, 
establish that the reaction under investigation 
st definitely involve the Grignard reagent as such in addit-
to the tetrazene. 
Because of the greater convenience in isolating pro-
of the reaction, most of the experiments performed for 
of determining the nature of the products were 
with 1,1,4,4-tetraphenyl-2-tetrazene and phenyl-
m 'gnesium iodide. The only isolable product from the tetra-
, 
be diphenylamine. ,A considerable amount of 
16 
( 
·I 
gas :lwas evolved during the hydroly~is and it was felt, due 
I 
to he nature of the reactants involved, that this gas was 
likely nitro gen. 
The identity of the gas liberated during hydrolysis 
I 
li . 
of 'he reaction mixture was established by its failure to 
:I 
bur , to support combustion or to dissolve in diethyl ether 
,; 
, 
at the temperature of a Dry Ice-acetone mixture, approximately 
I 
-7·. c~ 
I In order to obtain information as to the mechanism of 
'I 
.~ reaction, quantitative determinations of the iodine lib-
! 
ted were made. This was done by treatment of the solution, 
i :ediately after hydrolysis, w1 th an excess of standard so-
:( 
di thiosulfate solution With vigorous agitation in order to 
I 
re let all of the free halogen as quickly as practic'al to avoid 
I 
lo ,s of halogen due to its reaction with any amine formed. 
Th~ aqueous lgyer was then back titrated w1 th standard iodine 
solution using starch as an indicator. Vigorous stirring was 
I 
during the titration in order to avoid an excess of 
un'eacted iodine due to its selective so~ubility in the organ-
! 
ici/layer. ~·quantitative determination of the iodine liber-
at d showed that the amount of free iodine formed was depend-
! 
e t upon the time which the Grignard reagent had been in con-
I 
t bt with the tetrazene. A series of determinations Was made 
~ 
U ing accurately Weighed samples of 1,1,4,4-tetraphenyl-2-
! 
i 
;etrazene in diethyl ether. Each sample was treated with an 
I 
e~hereal solution of ethylmagnesium iodide at room temperature 
17 
,j 
ua'gsief,l:gt a ratio of approximately four moles of the Grignard re-
h to each mole of tetrazene. There is little question 
tha the Grignard reagent was present in large excess in 
eac · case in view of the ratio of four moles of this mater-
i 
ial,/ to each mole of tetrazene taken. In addition, during 
hy rolysis a very exothermic reaction occurred and a consid-
,f 
;/ 
er ~le amount of gas was evolved. The shortest time of con-
I 
I 
it;· which was practical was three minutes because the manip-
' 
I [tiona required this length of time.. The results of these 
I 
·I de rrminations are presented in Ta.ble I below. 
TABLE I 
Liberated Iodine ·as· a· Function of Time 
I Moles Moles Ratio: 
T 1me of Tetra.zene of Iodine IodineVTetr~zene 
:I 
3 /m1n. 6.0137 o. 00643 0~47 
10 (min. 0.0126 0.00732 0~58 30/min. 0.0153 0.00905 0.59 li hr. 0.014'7 O.G0913 0.62 
2' hrs. 0.0136 o.oo992 0.?3 
·3'1 hrs. 0.0129 0.0108 0.84 
2 
!hrs. 0.0142 0.0136 0.96 
/hrs. 0.0134 0.0130 0.97 
i hrs. 0.0135 0.0128 0.95 
I 
•i The limiting value of the ratio of iodine liberated 
I 
tetrazene used appears to be one mole of iodine for each 
:le of tetrazene. This is attained, at room temperature, 
i 
I 
,ter about four hours. There is no significant change in 
e ratio beyond this tim~. A few determinations were made 
i which the solutions were mixed at 0° C. and stored for 
I 
18 
periods at this temperature. The only difference in. 
esult S WaS the expected OI).e; a mueh longer time WaS re-
:ea for the iodine concentration to reach a given value. 
• ple stored in the refrigerator for nearly a month gave 
! 
'tio of iodine liberated to tetrazene taken of 0_.93. 
i 
In order to determine whether there was any real sig-
to the apparent minimum, value of the ratio, approx-
" ima.;ely 0.50, shown in Table I, determinations of this ratio 
I . . 
wer made with much shorter periods of contact of the reagents. 
! 
' It ;as found possible to get times of contact on the order of 
ten · seconds by pouring an ethereal solution of the Grignard 
re 
1 
ent into an ethereal solution of the tetrazene in a:~ beaker 
I I then adding dilute acid very rapidly. The solutions were 
! I . 
st rred vigorously by means of a magnetic stirrer. Due to the I . .. 
im ossibility of obtaining truly meaningful measurements of 
th .I duration of contact, the data. are not included' in Table I 
the ratio of iodine to tetraz:ene varied from o·.12 to o. 48 
.five·· successive determinations. The ratio incr.eased as the i . 
I .· 
du. ;atio;n of contact increased. 
During the hydrolysis of the reaction mixture two dis-
steps may be noted provided the dilute acid or water is 
very slowly. The first step involves the evolution of 
gas and simultaneous decomposition of the excess 
r-eagent. The ·secGnd step, which occurs only after 
of the nitrogen· has bee b. evolved, is the liberation of 
i iodine - a reaetion which ma.y be easily observed due to the 
19 
r -
,/ 
chaijacteristic color produced. 
I 
In order to determine whether the controlling :factor. 
in :he formation of free iodine is the water, the acid or I . 
I 
som other variable, mixtures of ethylmagnesium. iodide with 
I 
1, ,1 dimethyl-1, 4-dipheriyl-2-tetra.zene in diethyl ether_ were 
wor ed up in three dif:ferent ways: 
I 
One portion was treated with anhydrous hydrogen chlo-
In this case nitrogen was evolved early in the reaction 
an , this was followed by the liberation of iodine. Although 
I 
it s true that most of the nitrogen was evolved. before the 
io~~ne color appeared, the product was a heavy, insoluble, 
~y material which tended to plug the tube through which 
'ti~fl. hydrogen chloride was being added a.r:d which made thorough 
mifng of the solution impossible.. This resulted in the :form-
ation of free iodine in some spots while nitrogen was still 
be ng evolved in others. 
,/ b. In another experiment the ethereal solution was treated 
,, 
w1 ~h distilled water. This reaction was observed to pe,ra.llel 
I 
t~--a-:t which occurred when the mixture was decomposed with dilute 
aJid. The only difference noted was the formation of a pre-
cxbi tate which was readily soluble in dilute hydrochloric 
I 
I 
was shown to be a mixture of magnesium hydroxide and 
m thylaniline. 
c. In the third variation, be~zoyl chloride was used to 
a:stroy.the excess Grigna.r-d reagent before hydrolysis. The 
i •·itial reaction was quit_e violent; it appeared in all re-
I 
I 
'! 20 
( 
' 
.J 
:; 
spe 'ls to be the same as the reaction between benzoyl chloride 
and :ethylmagnesium 1odide. When the react1on had subs1ded the 
I 
I ... 
mix ;ure was treated w1th dilute hydrochloric .acid. It was 
obs rved that this reaction appeared to follow the same course 
aa· ~.//he reaction in the absence of the benzoyl chloride /! although 
it lfas somewhat less exothermic. The brown coloration charac.-
ter~stic of ethereal solutions of iodine appew:-ed as the dilute 
! 
aci' was added. After the addition of enough dilute hydro-
/ .. -
chl ric acid to redissolve most of the solids which formed in 
I 
the 1 aqueous layer, the ethereal layer was separated ana. the 
layer was extracted with an equal volu.me of diethyl 
Evaporation of the combined ethereal extract and orig-
, organic layer left an oily residue from which it was 
po Iaible to isolate the benzoyl derivative of methylaniline, 
zoic acid and propiophenone by careful crystallization I . 
fr m alcohol. The benzoyl derivative of methylaniline was 
.I 
ia.'!ntified by its melting point (5'7° to 59° C. whlch correa-
l 
po ;as to the literature vaJ.ue of'~59° c. 1 or 63° c. 2 ) and its 
an:: ysis (:founa.3 : C '79.73%; H 6.32%; N 6.48%: Ci4Hl3NO 
' C '79.59%; .H 6.2o%; N.6.63%). 
1w. Hepp, Ber., 10, 329 (J.8'7'7). 
Zaess, Ber., 18, 685 (1885). 
3Analys1s by Dr. Caroi Fitz. 
I ,, 
B. Stoichiometry of the Reaction Between 
2-Tetrazenes and Grig~ard Reag~nts 
1. Stoichiometric Relationship 
~f Nitrogen Lib~rated 
Determ.ination·-of the stoichiometry with respect to 
21 
the 
1
)ni trogen evolved during hydrolysis of the reaction mix-
1 
tur was carried out by measurement of the volwne of n1 trogen 
i 
I pro uced. 
I 
A weighed sample of a tetrazene was placed in a 
fl sk to which there had been sealed a small side arm closed 
I , 
i 
wit 1 a rubber cap through which a hypodermic needle could be 
:/ 
in erted and then withdrawn without allowing gas to escape. 
I 
the neck of the flask there was attached a rubber tube 
I 
w bh led evolved gas through a trap consisting of a U-tu.be 
,, 
i ·ersed in a Dry Ice-acetone bath and then to the top of a 
I 
- . A leveling bulb was attached to the gaj/measuring burette. 
bol~om of the burette by means o:f a piece of rubber tubing 
/·I 
ap ;roximately three feet long. Sufficient diethyl ether was 
ad red through the neck of the flask to dissolve the tetra-
: sample. The apparatus was then ass em bled. 
The required quantity (usually 4 moles :for each mole 
of/tetrazene) of Grignard reagent was next added by injection 
I . 
t ,; ough the l""Ubber closure. The mixture was first swirled 
ge:tly and then allowed. to remain undisturbed for several 
a in order to assure complete reaction. After this time 
h elapsed, the volume of air in the burette was read and 
: 
s fficient dilute acetic acid was added to the flask through 
t injection system to completely b.ydrolyz.e the Grignard 
22 
r 
~nt and dissolve all solid material produced during 
hy olysis. The volume of gas evolved was read on the 
I ij . 
bur .~te after enough time had elapsed for the gas to become 
I 
sat tr:'ated with water vapor and to reach thermal equilibriuun. 
Fro 'I these data the volume of nitrogen evolved, corrected to 
at to.ara condi tiona; was calculated and :from this the number 
I 
I 
of of nitrogen evolved was determined. Details of the 
found ·in the experimental- section. 
~~ Investigation of the quantity of nitrogen liberated 
per'lroole of tetrazene showed that this is essentiall:y inde-
~! 
pen 'ent of the specific tetrazene used. From 0.500 gram of 
l, :i<limethyl-1, 4-diphenyl-2-tetrazene ~ 0.00208 mole~ there 
was 
1
obtained, as the average of two determinations, 0.00196 
mol I of nitrogen which corresponds to 0.94 mole of nitrogen 
I 
per 1mo1e of tetrazene. The result o:f a similar pair of de-
l 
ter 1inations on two 0.506-gram samples (0.00215 mole) of 
I 
I 
1, ildimethyl-1,4-dicarbethoxy-2-tetrazeiie was 0.00204 mole 
litrogen which again corresponds to 0.94 mole of nitrogen 
I 
I 
per imole of tetrazene. A third pair of determinations was 
i 
mad' on two o.ooe-gram samples (0.00220 mole) of 1,1,4,4-
1 - . 
-te.raphenyl-2-tetrazene and an average of 0.002295 mole of I . . 
! 
nitrogen was obtained. This· eorresponds to 1.04 moles ef 
'I 
nit ogen per mole of tetrazene. 
It is concluded from the above data that the stoichio-
y with respect to tetrazene consumed ana nitrogen evolved 
may. be represented by a one to one relationship. 
2. Stoichiometric Relationship 
of Amine Produced 
23 
In order to determine the fate of the remaining por-
I 
of the tetrazene when it reacts with Grignard reagents, 
I 
a s :1ution of 2.0 grams (0 .. 0055 mole) of 1,1,4,4-tetraphenyl-
1 I . ~2- :/ etrazene was prepared in diethyl ether and 50 ml. of.. 
a p, enylmagnesi:um iodide solution was added. This correa-
l . 
I pon ed to a ratio of 1.0 mole of tetrazene to 4.7 moles of 
I 
i Gri nard reagent. The solution was allowed to remain undis-
I . h tur,ed over night and was then s~bjected to ydrolysis using 
dil te acetic acid as the reagent. The ethereal solution was 
' 
ke t cold in an ice bath during the hydrolysis. .A1l excess of 
il 
SOQium thiosulfate solution was added as quickly as possible 
1
1 the solution was thoroughly shaken to eliminate free 
I 
The aqueous layer was extracted three times with an 
eq jal volume of die thyl ether; , the ether extracts were com-
bi .ed and distilled carefully. The only product, other than 
i 
I 
et 'er, was a very small amol!lnt of acetic acid which was reoog-
its odor but was too small for chemical character-
Evaporation of the original ether layer from the re-
I 
ac,
1
ion left a pale brown mass which was extracted with 5% 
I 
so·ium hydroxide solution. The residual brown solid was 
i 
i i entified as diphenylamine, after crystallization from 
24 
I 
;I 
eth ; ol, by its physical characteristics (melting point 
53" j[a. 1 ) and ita p:icrate ~melting point io9.5° to 110.2° (). 2 ). 
The quantity of diphenylamine was 1 •. 64 grams ( 0.0097 mole) 
' 
whi ; corresponds to 
mol .1 of tetrazene. 
1.76 moles of diphenylamine for each~ 
' . 
Since there must have been some loss 
dur J
1
ng the recrystallization of this product, this may be re-
gl.'/ed as a ratio of approximately two to on.e. 
Another determination of the amount of amine produceq 
as function of the amount of tetrazene taken was barried 
! 
·out l,using. 1,4-dimethyl-1,4-d.iphenyl-2-tetrazene and ethyl-
rna 'esium iodide. The tetrazene (2.00 grams or 0.0083 mole.). 
I . ~ 
was :/dissolved in 100 ml. of the ethylmagnesium iodide solu-
,/ 
tio ; this gave 0.057 mole of the Grignard reagent. The 
I 
mix ure was allowed to remain undisturbed for four hours and 
I 
I 
was 
1
/ then hydrolyzed with dilute hydrochloric acid. The iodine 
lib rated was destroyed by the addition of an excess of so~um 
thi'! sulfate as quickly as possible. The ether layer was re-
' . 
and the aqueous solution was extracted with two 100-ml. 
o_f diethyl ether. The three ethereal solutions were 
and the ether was removed by evaporation on the steam 
of residue was obtained and this was iden-
as unreacted tetrazene by a melting point determination 
on sample after recrystallization from ethanol. The 
lJ. Buechner, z. Ehysik. Chemie, 56, 305 (1906). 
Zj. Noelt1ng and H; Sommerhoff, Ber., 39, .78 (1906) • 
..,.._ 
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·! 
s 1e melted at 139° to 139.5° C. and weighed less than 
a. 
gram. The literature records that this compound melts 
I o 39 to 
:I 
!I The aqueous layer was made strongly basic with sodium 
oxide and extracted with five 100-ml. portions of diethyl i . 
i 
er. The ether was distilled on the steam bath and a re-
I 
1 
e o~·l.83 grams of brown oil was obtained. A 0.50-gram 
! 
I . 
~~ion o~· the oil was dissolved in ethanol and treated with 
~~turated ethanolic solution of picric acid. The product, 
I 
ghing 1.43 grams, had a melting point of 143° to 144° C. 
i 
ch corresponds to the recorded value of 144.5 c.2 for the 
I 
pi tate o~ N-methylaniline. This is 0.0042 mole o~ the pio-
ra 
1
1
e which means that the total N-methy1aniline in the oil 
wa~ at least 0.0154 mole and that, therefore, 1.86 moles of 
am.Jbe was produced for each mole of tetrazene. 
fi From the abo~e data it is concluded that two moles of 
am~ne-type products are formed from each mole of tetrazene 
w~ch reacts with a Grignard reagent. 
il 
II 
' 
r 
3. Stoichiometric Relationship of 
Grignard Reagent Cons~ed 
To determine the stoichiometry of the reaction rela-
ti~e to.the Grignard reagent, an experiment was carried out 
:I in 1which l,4~dimethyl-l,4-diphenyl-2-tetrazene was treated 
lx. von ·Auwers and H. Mauss, .Ann., 452, 202 (192?). 
2J .. Meisenheimer, .Ber., 52, 16.?3 (1919). 
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a carefully measured quantity of phenylmagnesium iodide 
sol 'tion and the unreacted Grignard reagent determined, after 
I 
st ding for four hours, by ·carbonation at low temperature. 
The )solution was cooled in a Dry Ice-acetone bath and carbon 
. 'I dio ·ide was passed over its sUrface while the solution was 
I 
i gen ly swirled. The carbonation was continued for six hours 
I 
. I . . 
wit • frequent stirring to ensure complete reaction. The 
!I . . - . 
sol'tion was hydrolyzed with dilute hydrochloric acid until 
all of the solid material had dissolved and the ether layer 
was separated. The aqueous solution was extracted with five 
100 ml. portions of diethyl ether and these extracts were com-
bined with the original ether layer. 
I . . 
1 The ether solvent was removed from the combined ethereal 
so I tiona by distillation from the steam bath and the solid 
I . 
re idue was recrystallized from distilled water. 
i 
I 
· Af.volume of the stock phenylmagnesium iodide solution 
to the volume of this solution which was used in the 
experiment with 1,4-dimethyl-1,4-diphenyl-2-tetrazene 
treated in the same wa:y as was the reaction mixture. 
The benzoic ~cid obtained from the reaction mixture 
we ·lghed. 5,.14 grams while that from the equal volume (50 ml.) 
;i -
of ithe Grignard reagent weighed 6.34 grams. The latter fig.:: 
ur :! compares favorably with the theoretical yield of 6.55 
! 
gr · s which would be produced on the basis of the concentra-
1 ti,,n of 0. 0537 mole of phenylmagnesium. iodide in 50 ml~. of 
! 
ent as determined by titration with acid. 
I 27 
The loss of 1.20 grams of acid f~om the reaction mix-
as compared to the benzoic acid obtained from the Grig-
nar ! reagent, corresponds to 0.0098 mole of benzoic :acid. 
! . 
I 
Sin· e the 2. 0 grams of tetrazene originally used corresponds 1 . 
to ! .0083 mole, this means tha.t the ratio of Grignard reagent 
ri 
co ~umed to moles of tetrazene taken was 1.18 to 1.00. 
il 
1
/ Confirmation of this result was obta.ined by repeti-
tion of this experiment with the substitution of 1,1,4,4-
,1 • 
I 
;t:r-aphenyl-2-tetrazene for the 1, 4-dimethyl-l, 4-diphenyl-2-
'i ~razene and 2-naphthylmagnesium iodide for the phenyl-
, 
I 
nesium iodide. Carbonation, as before, and isolation of 
i 
th /2-naphthoic acid indicated that the reaction requires 
I 
14 mole of Grignard reagent for each mole of tetrazene 
,I 
t 
) These results are interpreted to mean that one mole 
of .IGrignard reagent is required for the reaction with each 
mo le of tetrazene. 
C. Fate of the Organic Portion of the 
Grignard Reagent 
The fate of the organic portion of the Grignard reagent 
wa determined by analysis of the ethereal solution obtained 
,, 
by 'I distillation of the reaction mixture after hydrolysis. 
Th distillation was carried out on a steam bath and only 
one liquid phase was found in the distillate; no noticeable 
:unt of water was carried over under these conditions. 
s material, largely diethyl ether, was first studied by 
28 
i 
:I mea],~rement of its ultraviolet absorption. 
! The strong absorption by benzene in the ultraviolet 
., 
I . 
reg pn (at 260 millimicrons), was determined for a number 
lj - .. 
of ]amples of known composition with the aid of a Beckmann I . 
·I Mod 1 DU spectrophotometer. It was found that a graph of 
I . 
:entration against the logari tbm of the percentage of 
I 
li · · :t transmitted was linear and this calibration curve was 
.i 
useL•.I in the analysis 
'I 
mix I es. 
of the distillates from the reaction 
I 
f A blank determination on 50 ml. of the stock solution 
of henylma.gnesium iodide which was used for all of this 
wor . was run in a manner similar to that used for analysis 
u ' 
of the reaction mixtures. The only difference between these 
I 
and !the blank was that the 5o ml. blank sample was diluted 
of diethyl ether and not with a 50 ml. ethereal 
a tetrazene .• Spectro.photometric analysis of the 
showed. that a total of 4.12 grams of benzene was pro-
Analyses of the ethereal layer, from the hydrolysis of 
which phenylmag:nesium iodide and 0.010 mole of 
eac ' of the tetrazenes ( 1, 1, 4, 4-tetraphenyl-2-tetrazene, 
1, '\ d:l.methy1-1, 4-d.iphen:Y-1-2-tetrazene and. 1, 4-d:l.methy 1-1, 4-
-di arbethoxy-2-tetrazene) gave essentially the same results; 
n the accuracy of the determinations 3.98 grams of ben-
WtaS produced. The loss in benzene, G.23 gram or 0.0030 
corresponded to a loss of only .0.33 mole of benzene to 
29 
•\ mole of tetrazene. 
i 
1 Careful fractionation of the ethereal distillates and 
,I 
an sis of the enriched benzene solutions on a gas chroma-
:! 
togr~ph gave results which did not differ significantly from 
I the , esults obtained on the blank runs of the phenylmagn.es:itt.m 
I 
iodi I. e. The blank was found to contain 4. 23 grams of benzene 
results on three samples of the tetrazenes (0.010 
each tetrazene in turn) gave 4.14 to 4.20 grams of 
:\ These data would seem to indicate that all of the 
I 
ylmagnesium iodide is ultimately converted to benzene 
I 
reaction or the subsequent hydrolysis. 
D. Variation of Ultraviolet Absorption 
Spectra Due to Reaction of Tetrazenes 
!ith Grignard ·Reagents 
Since the ultraviolet absorption by multiple bonded 
is a well-known phenomenon this appeared to be 
to the problem of obtaining additional information 
h would bear on the mechanism of the reaction between 
i, 
and Grignard· reagents. Of the various tetrazenes 
I 
av'" a.able, the most suitable for this purpose was 1,4-dimethyl-
-l., ,/
1
· dicarbethoxy-2-tetrazene since the absorption by the I . . 
nit ogen-nitrogen double bond could not be obscured by absorp-
tio due to aromatic .structure in the molecule. An absorption 
ape ,truro of this compound covering the range 300 to 235 milli-
, 
mic was determined by using a Beckmann Model DU:ispeetro-
30 
I 
~I 
pho ometer imd quafitz cells. The re'sulting spectrum, see 
11 
Fi re I, showed only a very broad absorption with a maxi-
1 
approximately 270 millimicrons. 
:j 
at .he same concentration but in the presence of excess I . 
A seeond absorption determination on this same compound 
!j 
metilylmagnesium iodide made four hours after mixing the re-
age 
1 
ts gave a result which was essentially the s·ame as the 
i 
fir 't except that the peak was much reduced, as shown in I . 
Fi I. 
As this peak was well removed. from the normal carboxyl 
of 200 to 210 millimicrons, and since the ester 
gro ps are found to be unchanged in the hydrolysis product 
of !lhe reaction, it mo'\7' reasonably be assumed that this ob-
:1 <AV 
ser I ed absorption maximum was due to the tetrazene double 
bon 
1
,. Since a determination of the absorption of a solution 
,j . 
of :I thylmagnesium iodide in diethyl ether had previously shown 
tha this reagent is essentially transparent in the region 
I 
con idered, the decrease in the intensity of absorption is 
I 
I 
i bel,! eved to be due to an effective decrease in concentration 
of Mhe ·nitrogen-nitrogen doubl~ bonded species present. 
I 
,I 
·I A study of the rate at which the maximum absorption 
: 
dec '!·eases in a solution contai.ning both the 1,4-dimethyl-
-1, dicarbethoxy-2-tetrazene and ethylmagnesium iodide was 
con· ucted. and the results are presented in Figure II. The 
res lts must be considered only qualitative so far.as inter-
is concerned since the temperature of the solution 
I 
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incr,lasea. markedly during the study ana. some or the diethyl 
eth3
1
! solvent evaporated. An attempt was made to keep the 
vol ,.e of the solution in tlie spectrophotometer constant by 
occa ~~onaJ. addition of anhydrous ether. Thls inevitably led 
to s1re variation in optical. density due to ehanges in con-
cent ation. 
E. Composition or the Intermediate Compound 
in the Reaction Between Ethylmagnesium Iodide 
and 1,4-dimethyl~l1 4-diphenyl-2-tetraze~e 
Sine e there was no insoluble material formed at any 
time luring the reaction of any of the tetrazenes investigated 
with p-rignard reagents, the nature of the intermediates could 
not je d.etermin.ed by analysis of such a compound. In an at-
temp1! to obtain any intermediates which might be formed, 
aliq ot portions of the solution resulting from a reaction 
betw ;en 1 1 1, 4, 4-tetraphenyl-2-tetrazene and. ethylmagnesium 
iodi ·e were mixed. with benzene, ligroin, dioxane and. d.iphenyl 
ethe • The only material which separated, even on strong 
cool,rg in Dry Ice-acetone, was magnesium iodide from the 
solu]ion which was treated. with dioxane •. The quantity of 
iodi e precipi ta,tea. was much smaller than would. be expected. 
from he quantity of Grignard. reagent originally taken in 
the 
of 1 
iodi 
An attempt to isolate intyrmed.iates from the reaction 
~dimethyl-1,4-diphenyl-2-tetrazene and ethylmagnesium 
le was made by concentration of the reaction mixture by 
34 
of approximately half of the ether by distillation. 
of 
tr 
this solution was cooled in the freezing compartment of 
it"rigerator for 48 hou.rs there was deposited a small crop 
'I 
:rrly large :approximately 2 mm. by 4 mm. '. colorleSs, 
,sparent crystals. These redissolved readily when the 
I 
I ~rature approached room temperature and so had to be 
i 
ered on a pre-cooled Buchner funnel. 
I 
i 
·Since these crystals reacted very readily with air, 
) e.xPeriment was repeated using 1, 4-dimethyl..-1, 4-diphenyl:-
i 
-2- iletrazene and ethylmagnesium iddide with the filtration 
car ied out in an atmosphere of nitrogen. The crystals, 
aft ,T being rinsed with small portions of cold diethyl ether, 
dried in a tube while a slow stream of n1 trogen was p;;3.ss,ea. 
over them. After twenty.,...fourhours at room temperature in 
thii'·. apparatus, the remaining solid was a greyish-white 
pow :ery material. This material, which was still sensitive 
i 
to ,ir, was analyzed for carbon, hydrogen, nitrogen, magnes-
:i 
ium 
1
/and iodine. The data are consistent w1 th the formula 
C16 zrN4Mgi•2.l(Q2H5)20• The diethyl ether is believed to 
'l . - . -be resent as solvent of crystallization or as a co8rdina-
,i 
tio ,I compound with the magnesium or, it may be, in part as 
eac ' of these. No attempt was made to remove all of the ether 
as ~t was :found that the solid charred very readily upon being 
! 
w jed. 
The formula obtained is that which would be expected 
for a compound .formed by a one to one addition between the 
35 
and. the Grignard reagent with the exception of one-
of: a molecule of d.iethyl ether and could. be written: 
' i 
F. Possible Mechanism of the Reaction of 
Grigna.rd. Reagents With 2-Tetrazenes 
Although there are insufficient data to allow a posi-
tive! conclusion as to the mechanism of this reaction, certain 
con usions can be drawn and a possible mechanism proposed.. 
age 
It is evident that the reaction between Grignard re-
and·2-tetrazenes does not proceed in a manner iden-
tic ' w1 th the known reduction of azobenzene with a Grignard. 
i 
. I . 
rea ent. The mechanism which has been proposed. for the 
·I 
lat 'ier reaction1 is indicated below. An analogous 
I :!~-«=-«- ¢ 
·! >· 
i 
I 
! 
I 
... 
;;>' 
(l)-,{i-#-¢ 
K-118 h8-x 
+ lf-R 
fJ- Jv'J/-/1111- {3 
r MJ (oH).:1 t-N8X.;1.. 
lM. s. Kharasch and o. Reinmut~, 11 Grignard Reactions 
of o:Dmletallic Substances, II Prentice-Hal=!-, Inc., New York, 
195·. . : 
'i 
' 
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involving a typical tetrazene woald occur as follows: 
:> 
I ') ~ If', , Al-%.111- -N( 
;J '{,~ N,._ 
x-wd'B-x 
This mechanism is clearly inadequate because it does 
not account ~or the formation 0~ iodine during hydrolysis. 
It U ight account ~or the liberation· o~ ni t~gen during 
hy~olysis since one might well expect the tetrazane to be 
I'  ~o ed and these compounds are unstable; they readily decom-
'1 
I 
! po to give nitrogen and two moles of the amine: 
A mechanism of this type would also account ~or the 
observed decrease and ul ti.mate virtual disappearance of the I . . . . 
absorption in the ul travicrlet due to the nitrogen-nitrogen 
! 
" dou !l.e bond; this mechanism involves the transformation of I 
thi :multiple l:ond to a si:p;gie bonded structure. 
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d An interesting speculation concerning the mode of for-
:i 
mat ·bn of free iodine involves the formation of an N-iodo 
':I 
com fund. Such a compound might well be expected to liberate 
the ifree halogen upon reaction With the halide ions in aque-
ous '!solution. It is interesting to note that in a. structure 
i 
sue • as I~ which appearft to be a reasonable intermediate, the 
I 
io d ine labeled nan is removed by four atoms from the nitrogen I . . . 
lab~ led 11 b 11 and thus i_s in a favorab·le position for transfer 
to jhe nitrogen by the formation of a ring. Such a process 
can :ibe represented as in II and a study of models indicates 
information concerning the nature of the intermediate 
the nature of the reaction of N-iodo compounds with 
reagents since this might well supply evidence either 
the possibility of a structure such as II per-
ing in the presence of unreacted Grignard reagent. 
An exhaustive survey of the literature has not re-
ve ~Y ca.se in which a Grignard reagent and an N-iodo 
38 
il 
com ound have reacted and,. indeed, there. are very few reactions 
,I 
:j 
reco ded which involve any N-halo compound with any Grignard 
;knt. 
th 
or 
in 
:j Several investigators have studied the reactions of 
ous ·· Grignard reagent-s with mono chloro81Iline. In 1928 
an and Hauser1 showed that for a series of twenty-three I . I . . 
~rent Grignard reagents the reaction with monochloroamine 
some of the primary amine. They established that the 
of amine from organomagnesium iodides are always less 
the corresponding reaction with the chlorides 
report was confirmed by independent workers 
!I 
,, 3 
1
1 Coleman et al compared the· reaction of. m~nobromoamine 
I 
wit 1 that of monochlol"oamine and found that the yields of 
amiJie s upon reaction of the bromo compound with Grignard II . rea~nts were considerably lower than the yields from the 
chliro compound and that more free ammonia was produced. 
The~~:; reported, also, tha.t 11 an appreciable. arnount 11 of nitro-
1 
lG. H. Coleman and c. R. Hauser, J • .Am. Chern. Soc., 
( 192_8) .• --119 I 
50. 
_, 
2G. H. Coleman and c. B. Yager, J. Am. Chern. Soc., 51, 
(1929) •. ---567 
3G. H. Coleman, H. Soroos and C. B. Yager, J. Am. Chem. 
So c : , 55, 20 7 5 _ ( 19 33 ) • 
I 
gen as liberated in the reaction with monobromoamine but 
/V/I;t Er 1-,f~t!J--? /fAI/6. -tMtC!IBr 
;1/#..'l Br t-R~(!J -+ /f'Br f~c!JAI#.;t 
that: 11 a negligible quantity 11 of nitrogen was liberated when 
I 
I· the ,onochloroamine was used. Their investigation showed 
that jthe yield in these reactions bears no relation to the 
amount of diorganomagnesium present .. 
The reaction with trichloroamine was also studied1 
and t was found that this reaction also gives amines--
1 
most,y primary with some secondary but no detectable terti-
' i 
a:ry : ompounds-al though the yields are quite low. 
:\ An investigation of the reaction between a number of 
39 
I 
Grig·· ard reagents and 
I 
dibromoamine, also by Coleman2 , showed 
thatjyields from this reaction are quite poor ~veraging from 
I 
I 
2 to i 34% primary amine, 0,. 4 to 6% secondary amine, 41 to 95% 
ia and 0 to 7% nitrogen. These percentages are based 
trogen content of the starting material. 
In 1941, Coleman and Blomquist~ showed that diorgano-
G. H. Coleman, M. A. Buchanan and w •. L. Paxson, l 1 J. • Ohern. Soc., 55, 3669 (1933). 
~ T 2G. H. ·coleman, C .. B. ~~ger and l:I. Soroos, J. Am. ~.Soc.,. 56, 965 (1934) .• 
3G. H. Coleman and R. F. Blomquist, .iE.:._ Am. Chem. Soc., 
~' 692 (1~41). 
ma 
the 
ma 
!ksium compounds react with mono.chloroami:ne just as do '~orre spond1ng organomagne sium halides. 
:1 1 ! In 1949, Louis Schmerling obtained a patent on the 
40 
,ja.tion of primary ruiiines by the reaction of certain alkyl 
I 
'iesium chlorides with monochloroamine in diethyl ether at 
.I 
I 
~emperatures. In particular the patent mentions the for-
ij . 
on of 2-amino-1,4-dimethylpentane and l-amino-2-(1-methyl-
1 
I 
eye phexyl) ethane. 
'} Coleman2 investigated the reaction of Grignard reagents 
I . 
wit ! the three possible classes of N-chloroamines; N-mono-
primary amines, N-chloro secondary amines and N,N-di-
chl primary amines. , He found that the mono chloro primary 
ami ,es give:-.rise to both primary and secondary amines while 
thejother two types of. oompounds give secondary and tertiary 
ami es--mostly secondary with only small quantities of the 
1: t er :iary compounds. 
, The only example found in which there is -r.eported the 
rea ~ion between Grignard reagents and organic N-halo compounds 
I is he report of the r eaetion of N-chloro aldimines with a few 
I 
orgfomagnesium bromides by LeMaistre, Rains:ford and Hauserll. 
The~ found that this reaction produces the corresponding 
l: 
j; 1 L. Schmerling (to Universal Oil Products Co.), U .. s. 
Patent 2,480,266 (Augu~t· 30, 1949); Chern. Abstr., 44~ Pll29° (l91'o). · ·- · 
, 
2 G. H. Col~man, J .. Jmr. Chern. Soc., 55, 3001 (1933). 
3 . . J. W. LeMaistre, A. E. Rainsford and C. R. Haaser, 
J. Q>.rg. Ohern., .. 4, 106 ( 1939). 
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nitr'le by dehydrochlorination of the aldimine. They report 
i 
that~ aJ. though it is tempting to write a cyclic mechanism as 
:1 . 
indicated below, this cannot be the case because in at least 
·\ 
j R, ~~j~~ -~-~~ 
XI~ f18-xa 
> 
li'J-C 
. Ill 
N 
one the aldimine had the anti-configuration and yet 
gave, a 25% yield of the nitrile. This work is not analogous 
'i 
to t,
1 
e present investigation since the products formed were 
I . 
the corresponding ni triles and a similar dehydroiodination 
I 
of · mpo1md II is impossible since there is no hydrogen on 
I 
any .dj acent atom. 
Several mechanisms can be suggested for this reaction. 
For kxample, a sequence may be written as below: 
"> 
> 
( 
This!\ is consistent with the observed intermediate 
. . . . i 
(CJ.61 J.N4Mgi-2.l(CzH5 )2 o) Which, except for ether, agrees 
' 
42 
wit "!structure III. However, by this sequence the iodine 
i.s ormed before"the nitrogen or, at best, nearly simultan-eouJ~y and this is not in line with the observed behaviorj ~n tfe actual react~on n~trogen is liberated ~irst. This me~bnism is also open to question because it is reasonable 
to APect that the tetrazane (IV) would be oxidized to the 
I 
tet ~zene by the iodine. This ·latter objection is not eon-
elu ive since the tetrazanes of this type are unknown and 
I 
the rate of oxidation by iodine is uncertain. 
'/ Another mechanism whieh may be written for the re-
act 
1
on between tetrazenes and Grignard reagents is repre-
'i sen ~d as follows: 
II /13 ., , . !1 til ~113 
'rt; /IV-N-;v-#,{3 ... 7 
il f I -Aft -C'..H..-
i 
I 
I 
. I 
Ther' appe:axs to be less objection to this mechanism since 
I 
. 'I 
comp una V has ~ formula whichr except for diethyl ether, 
:1 . 
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agrees with the observed intermediate and the order in which 
!( 
ni tr· gen and iodine are liberated is correct. The ionic 
II 
., 
.spec: es (VI) might react either with iodide ions to give the 
N-ioiw compound (VII) or with water to give the disubstituted 
I 
hyd :! xylamine (VIII). 
I 
The N-iodo compound (VII) would be 
I I . 
exp cted to react with iodide ions to form free iodine. 
:! 
but 
er 
The hydroxylamine (VIII) might oxidize iodide to iodine 
this seems unlikely. It is known1 that hydroxylami.ne ~ t-
i 
:/will oxidize iodide ions to iodine in concentrated min-I 
acid solutions but not in acetic acid or in dilute min-
rea 'tion of this sort has been studied w1 th this compound • 
.Another possible :obJection to this mechanism is the 
exp ·rimental fact that the absorption due to .the nitrogen-
! 
-ni /regen double bond disappears during the· re,action while 
I 
the tonic species ( v1) would almost certainly have an appre-
cia le absorptio,n in the .region investigated. 
lK.o A .. Hofmann and F. Kroll, Ber., 57B, 937 ( 1924). 
2t. Hess and A. Barke, Ber., 77B, 95 -(1944). 
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A third mechanism, which appears to be ~ree·o~ the ob-
jec ions raised in connection with the first two, may be repre-
s en 1ld by the following: 
'I . 
I ~> li-P=.V-»<~IJ 
:I 
II 
I 
1-I- IVa -C.,H.r 
) ,, . 
ct ::>n 1- :f..".l,··-iJ.(;a ~~ 
/ lie ,-c~Hs 
il ,/;o fix) \ u~o . 
C! 3> '\, Cf,'"'> 
: NH -tLttJH 0 rtV i/H f~'f+~(oil);~.;f~H" 
::t:c::t:b:::::n d:::::e::c::: :::1:1:~:::::::::gen 
dur~ng the reaction. It pr.ovides for the formation of nitro-
genlgas before the liberation of iodine since the ~.onic 
ape ies (IX) would not be expected to be very stable and it 
II - . ~ 
acc6unts ~or the liberation of free iodine by the formation 
of ~n N-1odo compound which then reacts with iodide ions in 
tj 
sol,tion. 
I One possible objection which may be raised to this 
e is the question concerning the stability of a species 
as IV in the presence of unreacted Gri_gnard reagent. 
As ointed out before, this is a qaestion which cannot be 
ered at present. However, it is not necessary to discard 
45 
I 
the mechanism on this basis since compound IV would certainly 
be tel"ically hindered so far as reaction at nit;rogen "b" is 
con erned and the iodine would also be shielded from attack. 
G. Reduction of 2-Tetrazenes 
by Unipositive ¥agnesium 
In view of the reduction of tetrazenes by Gri·gnard re-
age ~s and the fact that the reaction of Grignard .. reagents 
wit I azobenzene closely parallels the reduction of azobenzene 
d . 
by 'nipositive magnesium, it was felt that a study of the re-
duci:ion of one of the 2-tetrazenes should be undertaken. The-
sim~larity between the reactions of Grignard reagents and 
1: 11 ma .· esious iodide 11 with azobenzene are indicated by the 
-
fo of these reactions: 
I· lrMsX 7 ~. ~~~ 0 
f/JNNA/11¢ 
!: Ha:J; ~-~~ { ¢. A//IA/11 ¢ 
d'· II.:~ o {lJ AI II .a 
1 
l There is no report in the literature of the reduction 
I 
. I . 
of ry tetrazene by unipositive magnesium. This unusual and 
int r/resting reductant has been studied quite thoroughly but 
'I 
mo s , of the work has been on nitrogen-free organic compounds. 
A vjry thorough and comprehensive review of reductions in-
! 
' vol ing unipositive magnesium has been written by Rausch, 
46 
Me 1en and Kleinberg1 • The closest analogy to the reduction 
of tetrazene appears to be the reduction of _aromatic azo 
!I 
A little work on these compounds has been done 
.i 2 
by ilman and Heck but most of the information in the li tar-
at is contained in a single article by Bachmann3 • 
3 
1
1 ~achmann has shown that treatment of azobenzene with 
11 ma :nesious iodide, ll in reality a solution of magnesium iodide 
I 
i 
.. ' ~· 
in ;rganic solvent in contact with solid metallic magnesium, 
giv~s rise to hydrazobenzene and aniline--about 89,% of the · 
I . . 
uct is hydrazobenzene and 6,% is aniline. Treatment. of 
I 
4, -d.imethylazo benzene w1 th thiE? reagent gave rise. to about 
43,% lof 4,41-dimethylb.ydrazobenzene and 24,% of p-toluidine 
wbi 
1
Je 4, 4 1-dimethoxy azo benzene gave 20% of p-ani sidin e with 
none, of the corresponding hydrazo compound isolated.. Reaction 
. I . 
of ,4 1-diphenylazobenzene gave 32,% of 4, 4' -diphenylhydra-
! 
zob nzene and about 32,% of xenylamine under the same condi-
tio ./s. 
i 
lM. D. Rausch, Wrn. E .. -McEwen and J. Kleinberg, 11 Re-
duc ions Inyolving Unipositive Magnesium,. 11 Ohern. Revs., 57, 
417 !(1957). . .. 
2H. Gilman and L. L. Heck, Reo. trav. chim., 50, .522 
( 19 l). 
3w. E. Bachmann, J. Am. Chern. Soc., 53, 1524 (1931). 
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:1 TJ:le tetrazene $elected. for investigation of the natl:lre 
of 'he reaction with the magnesiwn-magnesium iodide couple 
was .1,4-dimethyl-l,4-diphenyl-2~tetrazene. A solution of 
i 
ma esium iodide in a mixture of diethyl ether and. benzene 
was :prepared by the reaction of iodine in the mixed.. solvent 
I 
I 
wit,1 pure magnesium. After the reaetion had. gone to comple-
tio~ the colorless solution was filtered. to remove unreaeted 
-h 
metll and some dark sludge which formed. during the prepara-. 
tio • The solution, containing approximately Ou2 mole of 
ma 1esium. iodide in 120 ml., was placed. in a 125 ml. glass-
sto {ered flask and 0.25 gram of 1,4-dimethyl-1,4-diphenyl-
-2- etrazene was added. and dissolved in the solution with 
gen ,le agitation. An excess of magnesium ribbon, which had. 
' 
beej: freed of its oxide coating by polishing with steel wool, 
wasltdded. There was a slow but immediate evolution o:f gas 
fro '1 the s1:!U'face of the metal and the solution ·immediately s:ur-
1 
I 
rou ding the magnesi~ ribbon developed a brown coloration. 
I 
The:gas evolution ceased within a very few minutes. The 
I 
I f'la · k was stoppered and allowed to remain undisturbed for two 
! 
day' at the end of which time the solution was colorless. 
,[ 
I Filtration of the solution gave a dark liquid and left 
a v lry li ttl~ solid on the paper. A portion of this solution 
il 
., 
I 
was .hydrolyzed with water in order to determine whether any 
iod ~ne would be liberated. No free iodine was formed but gas 
I 
was I evolved. Separation and fractionation o"f _the- organic 
I 
lay 1 r. af13er tb.orough agitation with dilute hydrochloric acid 
48 
to ydrolyze the magnesium complexes gave a very small quantity 
·i 
I 
of he unreacted tetrazene whiCh was identified by its melting 
:/ 0 <' 1 
poi ·l · ~ 139 to 14.0° C. ) which agrees with . the literature 
val e The aqueous ia.Yer was made basic with sodium hydroxide, 
extJ:l:ted with ether and the ether fractionally distilled. The 
:I 
I pro 'uct weighed 0 21 gram and was essentially N-methylaniline 
( idJ~tified by it: "'N-acetyl derivative which had a melting 
~ I o o poi t of 102 C. as compared to the literature value of 101 
te J~2° C. 2 ) •. A duplicate o:f this experiment with the omis-
sioJi o:f the ··magnesitun. iodide did not furnish any N-methyl-
! 
ani ~ne showing that magnesium alone cannot be responsible 
for '~his reduction. 
mat 
sol 
The entire experiment was repeated with a new batch of 
After the addition of the solid magnesium the 
checked, by treatment of an aliquot with dilute 
ace ic acid, for the presence of any compound which would 
I lib late iodine on hydrolysis. It was found that a small -
amouht of iodine was released after about ten minutes contact 
witJ) the magnesium •. A sample, checked after four hours, also 
I 
I 
fur 1shed some iodine but one after twenty-four hours did not. 
I A q ·antitative workup of an aliquot of this material gave 3% 
of .
1
ecovered tetrazene at the end of two days and 94% of the 
I N-m ,thylaniline predicted on the basis of 2 moles of· aniline 
1K. von Auwers and H. Mauss, ~~ 452, 202 (1927). 
Zw. Hepp, Ber., 10,· 528 (1877). 
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I for ' ach mole of tetrazene. It ~s concluded that reductions 
I 
I 
of t · trazenes by the magnes~1:l.m-magnes~um ~odide couple paral-
lel he reductions of azo compounds by this mater~al but that 
the ,
1 
etrazane formed upon hydrolys~s o.f the magnes~wn complex 
I 
unde goes ~mmed~ate decompos~tion to g~ve n~trogen and th~ 
I 
amin'. 
'\ ~/ 
IV 
I IY. ·. 
! ,, T-1 f-Jfai; ~ 
'l'r 
1 IV ~(6 
I It is not clear whether the recovered tetrazene was 
for 'kd :from oxidation, by a~r, of some of the tetrazane pro-
1 
i 
d by hydrolys~s of the magnesium complex. This material 
I 
.
d possibly have been formed from oxidation of the hydra-! . 
,I which might be produced E;~ince, as has been pointed out 
~ously, many azo compounds are cleaved to the amines by 
I 
I 
/reagent and formation of hydrazines from tetrazenes · 
' 
d be closely analogous to this .• 
IV ',\EXPERIMENTAL DATA 
hy 
A. Synthesis of Tetrazenes 
i 
l. Synthesis of 1, 4-Dimethyl-1, 4-
-dicarbethoxy-2-t~trazene 
II To a solution of 4.32 grams (0.030 mole) of methyl-
II . 
azine 
I 
sulfate and 3.6 grams (0.69 mole) of"sodiwn. hydrox-
ide in 20 ml. of water and 50 ml~ of diethyl ether there was I . . 
I 
add 'd dropwise, with cooling and efficient stirring, a sola-
'· 
tio '\ of 3.24 gran1s (0.030 mole) of ethyl chloroformate in 
i 
50 1 . of ether. The mixture was stirred for an additional 
I 
'ty minutes and the ether layer was separated and dried 
. fiJ IV If Alll..t • /1;3/J¥ t- a A/vofl t C!! CJIJ~ ~.., H.s-
->..,... Clla AI(AIH.J CtJ~ C'~il-s- f~.2-S~,- t-A,4 t!l f-c3 /:1-tAIJ 
potassium carbonate. Disttllation on the steam bath 
I 
und r reduced pressure left a residue of 3.47 grams of a 
col jrless oil which distilled. at a temperature of 68° to 
69° :C. when the pressure was 4 mm. 
Calculated for C4H10N2o2 : 40.66% 0; 8.54% H; 23.71% N. 
Fo'lindl: 40.79% 0;· 8.38,% H; 23.51,% N .. 
) This compound was first reported in the literature in 
:I 0 195$ and it is reported to have a boiling point of 40 C. 
und I r a pressure of o .• 05 mm. 2 • 
J...Analysis by Carol Fi tz 
2K .. Ronco and H. Erlenmeyer, Helv. Chim. Acta, 39, 
1045 (1956); Chern. Abstr., 51, 1061 (1957) • 
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11'.\1, 
. The N-methyl-N-carbethoxyhydrazine was oxidized with 
a s lution of iodine in aquteous pot~ssium iodide in the pres-
enc I of excess soditun bicarbonate and ne~ly quantitative 
yie~as (95 to 98%) of a White solid were obtained provided 
'I I ~ -~ 
the solution was kept cold and stirred vigorously as the iodine 
CJ/.:; ;V (Alii>) CP., ~.,fir fOIL -1- ~ !lv#CIJ:J 
-~;;r~ N /V(CHa) Co.,(!~ /l.s- LL u. r. il ,. 
Ji -f 7 /Yt:}..t T 7 CtJ I .L illf. (J 
N IV{ C/1 a) ~ 1J <> c., II.T ;.1 1 7 ~ . 
was 1added. The yields dropped markedly if the oxidation was 
car )ied out at room temperature; a yield of only 17% was ob-
tai jed in one o~idation which was conducted at 30° C. The 
whi~e tetrazene was recrystallized from ethano~ and gave 
needlles which melted at 125.5° to 126.0° C. This material 
I 
did !not show any depression of the melting point when mixed 
i . 
wit~ a sample of the material, asswned to be 1, 4-dimethyl-1, 4-
.~ =t:b:~=~2::::;z::·~9::~chi:a:0:::~:d2::0a0~i::::: 
de,/mposition but attempts to distill it f~led, possibly due 
to ~uperheating and decomposition of the very small amounts . 
tes ed. This compound is ~ known material having been pre-
,1 2 
par'd by K1obbie and the reported physical constants agree 
i/ 
wi · the above. 
1 c. Elmer, 11 I. Thermal Decomposition of Bis-Ni troso-
car 
1 
amates II. Reduction of J:J-nitrocarbamates_; 11 Thesis, 
Bos'on Unive~~ity, ·1951. 
2 E. A. Klobbie, Rec. trav. cb.im., 9, 148. (1890). 
~ ,.... 
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:\ Samples of the same material were obtained when the 
oxi ftion o~ the N~methyl-N-earbethoxyhydrazine was carried 
out sing ~erric chloride in water (conditions ~irst employed 
.I ~1 . -
by tscher- for the preparation of 1, 4-dimethyl-i, 4-diphenyl-
1 ·. 
-2-t'etrazene from N-methyl-N-phenylhydrazine). Other oxidiz-
' . I 
I -ing agents were investigated and the tetrazene was obtained 
I 2 
1 aqueous solllltions of potassium permanganate , sodirun 
bro lte in acidic medium and sodium chromate in dilute sul-
' 
furi' acid3 • In each case an aqueous solution of 1.0 gram of 
il 
,ydrazine in 100 ml. of water was treated with a 5% solu-
1 
1
/ of the oxidant. The oxidizing agent was added slowly 
b the solution was thoroughly stirred and cooled in an 
ath. The tetrazene separated as a white solid which 
ecovered by filtration. The yields in each of these 
the range 70 to 78% and were found to be nearly 
endent of the concentration of oxidant added provided the 
was stirred vigorously and kept cold. 
' 2. Synthesis of 1,4-Diethyl-1,4-
-dicarbethoxy-2-t~trazene 
.N-Nitroso-N-ethylurea was prepared by the process aim-
that described for nitrosomethylurea in 11 0rganic Syn-
1E. Fischer, ,Ann., 190, 182 (18?8). 
zK. von Auwers and H. Mauss, Ann., 452, 202 (1927). 
3w. R. McBride and H. w. Krase, !.:_ .Am. Chern. Soc., 
79, 572 (1.957). 
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i 
'\ l 
thesesll by Arndt • In a 1-li ter flask was placed 1. 5 moles 
of' aqueous 30% ethylamine solution. The concentration of 
was determined accurately by titration with 
Concentrated hydrochloric acid was added until 
the 'elution was acidic to methyl red; this required 163 ml. 
~ . . 
of a.· id. Water was added to make the total volume of' the 
II 
sol . ion 500 ml. and 300 grams (5 moles) of urea ~as added. 
,, "' . -
The · olution was boiled under refl~~ for four hours and then ,, 
to room temperature. Sodium nitrite (ilO grams or 
of 95,% U. S • .P.) was dissolved in this solution 
1
hen it was.cooled to~·oo C. and run slowly into a vigor-
'! 
ou:sl' ·stirred mixture of' 600 grams of' ice and 100 grams (1.03 
mole! ) of' concentrated sulfuric acid in a 3-l.iter beaker: The 
rate!of' addition was adjusted to keep the entire mixtQre frOm 
risi·; g above 0° C. 
1/.s#~- /le!/. f- 1'1//~ ao A//~~ #/~ C'OA/#GI~- ·;t-/1/11-t~l 
I I . . 
:\c:-2 Yh!~ c!t> A/II C!.:J ll.s- 1- 61 ~ A/P'01 r )I., S't1¥ 
·( > 02 /J//1., e" ~(#tJ} c..,~-·.;- · c:1 //O'tJ 1-M.aJ'~~ 
I 
l 
The nitrosoethylu.rea was removed by filtration on a 
j ' ' 
Buc . er funnel and rinsed with 50 ml. of cold. water. The 
crys,als were removed from the funne+ and stirred with 50 ml. 
of then filtered again and pressed as dry as pos-
lF~ Arndt, uorganic Syntheses, ui Collectiv·e ·volume II, 
John· Wiley & Sons, ~nc ... , New York, 1943, p. 461. 
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sib e' 
rl • 
The yield·wa~ not determined since it was desired to 
use this material before decomposition could occur. 
The nitrosoethylurea was reduced in acetic acid with 
1 dust by the technique developed by Briggs1 • The entire 
bat h of solid was added to a solution of 200 grams of acetic 
I 
1 in· 300 grams of water in a 3-liter beaker which was sur-
ro ded by an ice bath. A total of 100 grams of zinc dust· 
was 
11
added in small_ portions with vigorous stirring. The rate 
of ~ddition was adjusted to prevent the temperature from rising 
abo~e. 5° d.; a total of 10.5 hours was required for this re-
actlon. 
11 
IV /1,;>.. c tJ lv' (AI b) C; ll.., f c>Z ~" ., 1 c 11.3 e oo 1-1 
---7 ;V~ ~~AI (Plio/ 0.;/l..r f- ~ (CIIJCtJ~,;,. £h 
The solution was now filtered and the small amount of 
sol d material, largely unreacted zinc, was washed with dilute 
1:1 hy~ochloric acid and discarded. The hydrochloric acid wash sol~tion was combined with the main body of material which 
I 
was 
1
1placed in a 2-li ter round-bottomed flask equipped with a 
:::~::t::n:;:::::lo:::•a:::u:::nr:;:u:::e;0:1::g:~o~::.o:0 con-
hy~olyze the ethyl semicarbazide. After eight hours the 
I 
mat rial was concentrated by distillation until solids started 
lR. M. Briggs, "Preparation of Substituted Hydrazines," 
The is, Boston. Univers+~y, 1952. 
I 
I 
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to I eparate. Further concentration was effected by evaporation. 
in evaporating dish in the steam-heated oven over night. 
·;1//1..? c!o !V(#tWC.,IIo v- f/010 f OJ;/c!/ 
->..,. C.!2 lid"" #/1 A/#.;, .. //e!/ 'f CtJ~ ~ -f /V#;~ t!/ 
The moist solid was dissolved in a minimum amo~t 
(abo, t ZOO ml.) of water and treated with a large excess of 
i 
·~odium hydroxide solution. The solution was then distilled 
unt 1 the distillate no longer reduced free iodine. The dis-
til ~te, which contained the ethylhydrazine, was neutralized 
wit ·· hydrochloric acid and was evaporated to reduce the volume. 
The concentrated solution was diluted in a volumetric flask 
and an aliquot portion was titrated With standard iodine sol-
utioh in the px'-esence of excess sodillliil bicarbonate. 
I 
:1 
COJ /16" #II AI #et, /1~1 .;- c:J.z;.. r 7' M # cto_, 
:I :> CO' ;/6" I -t- M t r -'7 /1; tJ r ¥ CtJ.:lf r- A/sJ ~I o~- :J A4I 
il 
.( 
! A portion of the solution of crude ethylhydrazine 
hy ochlorid.e was reacted with an equivalent amount of ethyl 
in the presence of a small excess of sodium 
and an equal volume of diethyl ether. The organic 
was separated and the aqueous solution was extracted 
. several portions of diethyl ether. The combined ethereal 
· tions .were then distilled to remove the ether and the 
dual ethyl N- amino-N-ethy-).carbamate was fractionally 
dist lled. 
~ I 
C.'lllo ;V# ;1/~ .;-;c; 1- 01~~~~ r Cl/ (!tJ,;J C!~/lr 
·~ C.1#uAI(t¥A1~ co~ c~ll.s- t- ~//.#o r 01~~1 
The ethyl N-amino-N-$thylcarbamate was oxidized to 
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1, 1P.iethyl-l, 4-dicarbethoxy-2-tetrazene by iodine. A sol11-
~l 
i 
I of 0.5 gram (0.0021 mole) of the amino carbamate in 100 
i I I 
of water was saturated with sodium bicarbonate by addi-
'1 I 
: of sufficient bicarbonate so that there was a small 
ht of 
i ,, 
solid left after stirring. This solution was cooled 
bath and a solution of iodine in potassium iodide 
slowly. The iodine solution contained 0.10 gram 
in ' ice 
was )added 
i 
of ;'odine and 0.30 gram of' potassium iodide per ml. The 
add~tion of the iodine reagent was conducted at a rate su.ch 
,, 
thaI the temperature of the solution remained between 5° and 
10° C. throughout the oxidation. Vigorous stirring was em-
.j 
plo rd and the oxidation was cond'lll.cted in a 1-liter beaker 
to void diffic1ll ty due to foaming. As the solid sodium bi-
car onate dissolved more was added to keep the solution sat-
il 
ura ed at all times. 
) 
OJ.. C.1 !l.s-AI (A/I~ C t'.;~ C' .# liu- -1- 01-T.:L r ~ ~ II C' p~ 
,I 
I -~-'~ ,.yJV(C;,/I~C(),. C~#o 
_;? !V(~.all-9 CtJ~C!.1/i.,- r "f~I rf~tJ 1- Lf~tJ-1' 
As soon as enough iodine had been added to give the · 
sol tion a detectable yellow color which did not fade within 
a few seconds, the addition of iodine was stopped and the 
57 
aqu. ·!ous solution was extracted with four 100-ml. portions of 
l 
i dieJ~yl ether. The combined ether solutions were fractionally 
dis~illed and the distillate was checked for the presence of 
tet /azene by treatment with an excess of ethylmagnesi'UUil 
iod de and hydrolysis of this mixture with dilute acetic acid 
li 
aftflr a few minutes. 
of firee iodine was observed. It is concluded that no tetra-
No coloration ascribable to the presence 
11 
zen was present in the distillate. 
The resid'lltal oil ·,~o.nly a few drops) was found to liber-
'l . . -
ate /iodine froni the reaction mixture with· ethylmagnesium io-
. lj 
clid' during hydrolysis. Since this appeared to indic_ ate that 
I 
I 
the tetrazene was in this ·residue, attempts to obtain a pure 
I 
pro 'uct were carried out It was found that an ethereal solu-
tioi of the oil could be.made to deposit white powdery crystals 
at temperatures approaching -80° C. Careful recrystallization 
I 
of 
., his material from diethyl ether at low temperatures re-
in a yield of approximately 0.5% of the tetrazene. 
caaoulated for c10H20N4o4 : 46.13,% c; 7. 74% H; 21.53% N .. 
Fo1md: 46.21% C; 7.68,% H; '21.40,% N. 
3. Synthesis of 1, 4-Dimethyl-1, 4-
-diphenyl-2-tetra~ene 
A sample of 2.44 gr8IDs of N-methyl-N-phenylhydrazine 
(0.02 mole) was oxidized with iodine in the presence of excess 
I • 
so ~um bicarbonate. The hydrazine compound was dissolved in 
/ 
20 ml. of water, this solution was saturated with sodium 
bi arbonate and. an aqueous solution of iodine in sodium 
., 
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iodi e was added while the solution was cooled in an ice bath 
:I 
and · tirred vigorously. A small amount of starch was added 
:I 
as '· indicator since it had been found in a previous trial 
c~>#IV#~ f- cfi.Y:~ I- ;t~llC!~s 
· . ~ cf> AI- .tV= tV-AI <J;,/ "'/1/;J.T t- l'~tJ " 1' c41" 
that: excess iodine destroys the tetrazene with the formation 
i 
,I 
of ! black, tarry mass. The golden yellow product was re-
:1 
crystallized from ethanol' and the product, which weighed 2.13 
gr k (93% of' the theoretical) melted at 138° C. with decom-
:1 - 1 ~ 
;tion.. The literature reports that this compound is a 
·I 
white crystalline solid melting at 139° to 140° C. Recrystal-
li z :tion from absolute me.thanol gave a white crystalline solid 
I 
h melted at 13s<' C. and did not sbow any depression of 
I 
melting point when mixed with the yellow product des-
cri 'ed above. 
1: 
Both samples were analyzed2 and no significant 
di:f': ·erence was found. 
Calculated for C14H15N4 : 69.96,% C; 6.71,% H; 23~33,% N. 
Found (white compoUnd):. 69.91-% C~ 6.83,% H·; 23.2o;f·N. 
(yellow compound): 70.02,% C; 6.72%.H; 23.18% N. 
A second preparation of. this tetrazene wa·s carried out 
usi 'g mercuric oxide as an oxidant ir{ 95% ethanol. A 25-gram. 
sam le of N-methyl~N-phenylhydrazine was dissolved in 500 ml. 
lK. von Auwers and H. Mauss, Ann., 452, 202 (1927). 
2- . Analyses by Dr. Carol Fi tz. 
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of ethanol. The solution was stirred by an electric stir-
o~ 100 grams of yellow merc~ric oxide was added 
all :portions. The reaction mirlure was stirred over night 
allowed to settle. The clear solution was decanted 
fro rl the sludge after three hours. Concentration of the alco-
hol c decant ate under reduced :pressure led to a nearly quanti-
!\ 
in 
tative yield of the desired tetrazene. The :product, after 
:,j 
reo stallization from 95% ethanol, weighed 23.9 grams and 
i 
sharply at 138° c. 
4. Synthesis of 1,1,41 4-Tetra::phenyl-2-
-tetrazene 
,1 1,1,4,4-Tetraphenyl-2-tetrazene was :prepared from 
N,N ~phenylhydrazine hydrochloride by the oxidation of this 
sal I in 95% ethanol using mercuric oxide as the oxidant. T4e 
I 
I :proc~'edure and quantities were as described above. Filtration 
:I 
of t e solution gave a :pink alcoholic solution from which 
II 
white :platelets of the tetrazene were obtained upon chilling 
I in ice-salt bath. The crude product was recrystallized 
II 
fro ,:) absolute ethanol and a nearly quantitative yield (98.3,%) 
of e tetrazene was obtained. The :product melted at i22° to 
123° i C. (the literature value1 is 123° C.) 
1E. Fischer, Ann., 190, 182 (18?8). 
I 
I 
I 
:> ¢,;V-A/== AI-IV ¢A-· 
-r 02/lr f ,;1. ~() 
B. Prepa.r®:tion of Grignard Reagents 
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1. Preparation of Ethylmagnesium Iodide 
Ethylmagnesium iodide was prepared by the reaction o~ 
•I 
ma : esium on ethyl iodide. A solution of 78 grams ( o. 5 mole) 
of ~thyl iodide in 100 ml. of diethyl ether was allowed to rUn 
I . 
i 
sl ~ly into a one-liter round-bottomed flask which was equip-
i 
,J 
ped with a reflux condenser and a separatory funnel. The 
contained 14 •. 4 grams (0.6 graro-a1Jom) of magnesillUil and 
100 ml. of diethyl ether. After the reaction had 
ted, the organic iodide solution was run in at a rate 
! 
I 
w ·ch was sufficient to keep the solution refluxing gently. 
AniJadditional 500 ml. of ether was added after about one-th~rd of the ethyl iodide solution had reacted. To ass~e 
:; 
co 
1
plete reaction the mixture was refluxed on the steam bath 
~o , several hours after all of the. material had been added. 
I 
' being allowed to remain undisturbed over night the 
solution was decanted from the unreacted magnesi~ and 
and was stored in a 500 ml. flask whicih was kept sealed 
for the withdrawal of Balllples. 
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I 
The ethylmagnesium iodide content of the reagent was 
determined by ti trat1on with standard acid of the magnesium 
hy oxide formed by hydrolysis of an aliquot of the solution. 
Thi i was done by pipetting a 25 ml. sample of the reagent into 
II . 
a m. asured quantity of standard acid and back titration of the 
exc' ss acid with standard base using phenolphthalein as an 
se 
of 
i 
I 
I 
The titration showed that the solution contained 
mole of Grignard. reagent in each 25 ml. sample. 
2. Preparation of Phenylmagnesium Iodide 
preparation of -phenylinagnesium iodide for this re-
accomplished. by essentially the same method as was 
the ethylmagnesitun iodide. A solution of 102 grams 
mole) o:f the phenyl iodide was. added slowly to an exeess 
I -
,agnesium turnings in a flask with ether present. The r.ate 
1\ ,. 
of ·adition was. sufticient to. maintain gentle boiling in the 
; I .. . 
fl· k so that the mixture refluxed constantly. After the 
' ,j ' 
add tion was finished the. reaction was completed by a three-
he \I period of retl'U.Xing on the steam bath. When all o:r the 
~ ' 
sol:, d present had settled the clear solution was decanted 
I 
an i/ stored in a sealed 500 ml,. flask. Aliquots of this super-
natli t liquid were analyzed by the method reported for the 
et 1 Grignard reagent so that known quantities of phenyl~ 
iodide could be taken for the reactions with tetra-
62 
C. Reaction of Grignard Reagents with Tetrazenes 
1. Preliminary Experiments 
In order to become familiar with the general natlilre of 
i . 
the reaction of Grignard reagents with tetrazenes several pre-
" li nary experiments were run.. A sample .of l, 4-dimethyl-lJ 4-il . 
-dicarbethoxy-2-tetrazene weighllig 0.25 gram (0 .. 0011 mole) 
waJ; treated with 28 ml. (0.0053 mole) of ethyimagneei1iUil 10d1de. 
; 
The; sample dissolved readily in the ethereal reagent but there 
was\ no evidence of a reaction. No noticeable heat was liber-
.1 atfr , no coloration appeared end no precipitate was formed. 
Th . solution was refluxed gently for several hours but there 
I 
wa still no evidence of a reaction. In order to determine 
wh ther there had indeed been no reaction the solution was 
hy olyzed in dilute hydrochloric acid. 
etJereal solution to the dilute acid a 
II 
color appeared; after thorough mixing, 
wa,l dark brown wbile the aqueous layer 
le~~· Extraction of the aqueous layer ri~e gave a violet organic phase which 
fr iodine was present. 
Upon addition of the 
dark, reddish-brown 
the top ether solution 
was essenti.ally color-
with carbon tetrachlo-
suggested that some 
Agitation of the dark ethereal layer with sodium thio:-
su j[fate completely discharged the colo"r. As further confirma-
ti ·n that free iodine was present the experiment was repeated 
wi ,hout reflux and the dark color of the ethereal layer was 
i 
fo nd to be destroyed upon treatment with aqueous sodium 
\ 
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bis 'lfite or with dilute hydrazine. 
'I 
Repetition of the experiment as described but with the 
subf!ti tution of 1,4-dimethyl-11 4.:..diphenyl-2-tetrazene or of 
~. ~j/4, 4-tetrapheny ~-2-tetrazene for the ~, 4-dimethy~-~. 4-
-diearbethoxy-2-tetrazene gave the same results. Hydrolysis 
of :jhe Grignard reagent in the absence of the tetrazene was 
fou '''d to liberate no free iodine. 
'l A solution of magnesi1alll iodide was prepared by treat-
men· of a solution of 1.0 gram of iodine (0.0039 mole) in 
i die·hyl ether with 1.0 gram of fresh magnesium turnings 
:I ( o. ·;j42 gram-atom). Reaction occurred smoothly upon the addi-
tio I Of a small amount Of benzene and the solution WaS refluxed 
for three hours until it was colorless. After solution of 
I 
G. 2 !\ gram of 1, 4-dimetbyl-1, 4-diphenyl-2-t etrazene in the 
cle 1r decantate the solution was allowed to remain undisturb-
hy 
et 
l 
io 
, 
or three hours 
tl 
"ochloric acid. 
and then subjected to hydrolysis by dilute 
No free iodine was formed. 
:j 
! 
·I 
I 
I 
An attempt was made to react· this same tetrazene with 
iodide in diethyl ether but again there was no forma-
of free iodine upon hydrolysis of the solution. 
Both the attempted reactions with magnesium iodide and 
ethyl iodide were repeated in the presence of approximately 
am of freshly crushed sodi-wn hydroxide pellets. No free 
was observed either before or after hydrolysis of 
s mixture. In order to b"e certain that the failvtre to 
ob erve the halogen was not -due to the formation of the iodide 
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and 'hypoiodite in the basic aqueous solution this was made 
\ 
aci ic with hydrochloric acid but there was no evidence of 
fre '1 iodine. I 
I 
i A solution of l, 4-dimethyl-l, 4-d.iphenyl-2-iietrazene 
in henylmagnesium iodide reagent w1 th ether as a solvent 
ag 1 n produced iodine upon hydrolysis. This experiment was 
repeated with 1,1,4,4-tetraphenyl-2-tetrazene as the 
tetrazene present and the same results were obtained. 
In order to make practical the isolation of the organic 
pro:ucts of the reaction, 2.0 grams of 1,1,4,4-tetraphenyl-2-
i . 
-tetrazene was dissolved in diethyl ether and 50 ml. of the 
i 
phe
1 
ylmagnesi-mn iodide solution was added, giving a ratio of 
'r 
1.0[ mole of tetrazene to 4. 7 moles of Grigna.rd reagent. The 
sol~ tion was allowed to remain 11lndisturbed over night and was 
I 
d 
: · subjected to hydrolysis u.sing dilute acetic acid as the 
i 
The ethereal solution was kept cold in an ice bath 
the hydrolysis but it was noted that a considerable 
of gas was liberated during ·this reaction and before 
reelable q~antities of iodine appeared. An excess of 
so ,I um thiosulfate solution was added as quickly as possible 
an!the solution was thoroughly shaken to eliminate free 
id. ne before this could seriously oxidize any of the organie 
The aqu~ous layer was extracted three times with an 
l volwne of diethyl ether; the ether. fractions were com-
bi ed and distilled carefully. The only product obtained was 
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a v]ry small 8IIlount of" acetic acid. 
1\ EvaPoration of the original ether layer :from the re-
act 'ion left a pale brown so lid which was easily iden ti fi ed 
as ~~iphenylamine, after crystallization from ethanol, by its ~ . 
phy ;ical characteristics (melting point 53° o. 1 ) and its 
,I ( - o 2) . pic ate melting point 109.5 to 110.2 0. • · The quantity 
of" ~phenylamine was 1.64 grams (93,%) after recrystalliz.a-
tio • 
This experiment was repeated in order to collect and 
ide lify the gas evolved. It was found that the gas would 
not ~urn, would not support' combustion, and would not dis-
~~ appreciably in diethyl ether at the temperature o:f a 
Dry Ice-acetone mixture,. approximately -70° 0. From these 
dat rand the knowledge of the starting materials it was con-
clu that the gas was nitrogen. 
2. Stoichiometry of" the Reaction 
a. Stoichiometric Relatronship 
et Iodine Liberated II 
H In order to determine the amount of free iodine) liber-
ated during the hydrolysis reaction the solu.tion·s, immediately 
afte'i hydrolysis, were treated with an excess of standard I . . 
sodi thiosulfate solution with vigorous agitation in order I . 
to r act all of the free halogen as qUickly as practical to 
II 
" :1 
'i 
\ 
If 
1Buechner, J., z. physik. Ohemie, 56, 305 (1906). 
2 Noelting, J. and Sommerhoff, H., Ber., 39, 78 {1906). 
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'd loss of halogen due to its reaction with the amine 
I 
fo ed. The aqueous layer was then,back titrated with 
st dard iodine solution using starch as an indicator. A 
ser 1 es of determinations was made using accurately weighed 
s~1es of 1,1,4,4-tetraphenyl-2-tetrazene in diethyl ether. 
Eac. sample was treated with an ethereal solution of ethyl-
'! mag :esium iodide at room temperature using a ratio of approx-
' I ima ely 4 moles of the Grignard reagent to each mole of tetra-
zen·. The Grignard reagent was present in considerable excess 
as '
1hown by the extremely exothermic nature of the hydrolysis 
realtion when the mixture was treated with dilute aeetie acid. 
The results of these determinations are presented in 
Tabi' e I below and show 1jhat the qu.anti ty of iodine produced 
was:! a ftlnction of the length of time during which the re-
act on was allowed to take place. 
I 
TABLE I 
Liberated Iodine as· a Function of Time 
Mol·es Moles Ratio 
of Tetrazene of Iodine Iodine/Tetrazene 
o. 01:37 0.00643 0.47 
0.0126 0.00732 0.,58 
0-.0153 0.00905 0.59 
0.0147 0.00913 0.62 
0.0136 0.00992 0.73 
0.0129 0.0108 0.84 
0.0142 0.0136 0.9J6 
0.0134 0.0130 0.97 
0.0135 o.GJ-28 0.95 
( 
) 
6'7 
:\ Shorter times of contact were obtained by pouring the 
eth real solution of Grignard reagent into an ethereal solu-
to 
me 
the tetrazene· in a beaker and then adding the dilute 
very rapidly. A very large beaker was required 
the tendency of the solution to foam over during 
The solutions were stirred vigorously by 
of a magnetic stirrer. The mode of mixing did not 
very accurate determination of the time of contact but 
it s certain that the times in the five determinations made 
I 
I ~ed .from ten seconds to two minutes and increased w1 th 
I 
~j successive determination. The ratios of iodine liber-
' 
to tetrazene taken in five successive determinations 
, 0 .. 12, 0.19, 0 .. 27, 0.43 and 0.48; the ratios increased 
I 
as he times of contact increased. It is apparent, therefore, 
the amount of iodine produced increases from 0 to a max-
i of 1 mole 
I 
,rases. 
I 
! 
for each mole of tetrazene taken as the time 
b. Stoichiometric Relationship 
of Amine Produced 
'l Th·ere has alre~ady been reportea.1 one experiment in 
f 
whi the quantity of amine produced. from a known amount of 
tet was determined. Another determination was carried 
out py dissolving 2. 00 grams of 1, ~dimethyl-l, 4-diphenyl-2-
1, 
-te (0.0083 mole) in 100 ml.-of the ethylmagnesium 
io .de solution (0.057 mole o:f the Grignard·reagent). The 
'I 
sol tion was allowed to remain undisturbed for four ··hours 
'I 
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hydrolyzed with dilute hydrochloric acid. Enough 
of 'he 6 N acid was used to dissolve all solids formed; 25 ml. i . 
was required. The iodine liberated was destroyed as quickly 
as feasible by the addition of an excess of sodium thiosul-
:fa.t .. The ether layer was separated and the aqueous solution 
was extracted with two 100-ml. portions.o:f diethyl ether. The 
com,ined ethereal solutions were evaporated on the steam bath. 
A trace of solid weighing less than 0.01 gram remained. This 
was: recrystallized :from a few drops o:f ethanol and its melt-
I 
inglpoint determined. The melting point was 139° to 139.5o 
C. 'hich corresponds to the melting point o:f the original 
' 
· tet! azene. A mixed melting point. was taken on a mixtlllre of 
sample and authentic 1, 4-dimethyl-l, 4-diphenyl-2-tetra- . 
and was not depressed. The literature records that the 
azene melts at 139° to 140° c. 1 
The aqueous layer was made basic to phenolphthalein 
by adding 40,% sodium hydroxide solution·. This layer was ex-
tr cted with five separate 100-ml. portions of diethyl ether. 
Th i ether was ·removed by distillation on the steam bath and 
I 
I 
a esidue of 1.83 grams of a brown oil was o·btained. The · 
qu ti ty of oil was too small for quantitative :fractionation 
lK .. von Auwers and H. Malil.ss, Ann., 452, 202 (1927). 
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and . therefore. a 0.50-gram portion of' the oil was dissolved ~ 4 
in 11·0 ml. of' 95% ethanol and this was treated with a satur-
ate , ethanolic sOlution o:f picric acid. A product separated 
immfidiately but was redissolved by warming the solution. Up-
on f:ooling, a yellow solid crystallized :from the solution. 
Thi~ was separated by filtration and rinsed vdth a little 95% 
ethfol. The solid weighed 1.43 grams and had a melting 
poift o:f 143° to 144° a. while the literature recorda the 
valj:e :f'or the melting point of the picrate of N-methylaniline 
as l44 .. 5° C. 1 
This is 0.0042 mole of the picrate from the 0.50-gram 
sam le and so the entire 1. 83 grams of' oil contained at 
0.0154 mole of methylaniline. This corresponds to 1.86 
mol s of amine per mole of tetrazene. 
c. Stoichiometric Relationship of 
~rignard Reagent Consumed 
i A determination of the quantity of' Grignard reagent, 
!I 
rel tive to the tetrazene, required f'or this reaction was 
,j 
mad by carbonation of the reaction solution. A solution of' 
I . 
! 
2.4jgrams {0.01 mole) of 1,4-dimethyl-l,4-diphenyl-2-tetra-
zen11 and 50 ml. of' phenylmagnesium iodide soll!ltion { 0.051 mole) 
I 
. I . 
wer allowed to react. After this mixture had been allowed to 
st I d long enough so that the reaction was essentially complete 
i ( fo 'r hours) the amount of' u.nreacted phenylmagnesium iodide 
1J. Meisenheimer, Be~., 52, 1673 {1919). 
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was "determined by cooling the solution in a Dry Ice-acetone 
bat! ana.·leading a stream of gaseous carbon dioxide across 
the ;surface. The material was swirled gently during the 
il 
absorption of the carbon dioxide in order to facilitate the 
I' readtion. · When carbonation was complete the benzoic acid 
I 
was iliberated by hydrolysis and recovered by rendering the 
,j 
aqu]:.ous layer strongly basic with 30% sodium hydroxide. The 
eth 
1
/r layer was extracted with two equal portions of sodi~ 
car~onate solution. The combined ?,aqueous layers were fil-l . 
tered to eliminate magnesium hydroxide and made acidic with 
I: . 
conrentrated sulfuric acid. · After being thoroughly chilled, 
this solution was filtered. to remove the precipitated benzoic 
acil. The filtrate was extracted twice with benzene and these li . 
ben~ene solutions were evaporated at room temperature to re-
cov1r any benzoic acid present. The combined portions of 
benzoic·acid weighed 4.3 grams (0.035 mole). . 
J A similar carb9nation of' 50 ml. of the original Grig-nar reagent gave 5.37 grams ( 0.044 mole) of benzoic acid. 
I ~ -
.Thu. i the ratio of Grignard reagent required to moles of tetra-
zen 
1
\ taken was found to be 0.90 to 1.00. Confirmation of this 
il 
res ' t was obtained by st-a.dying the reaction of l, l, 4, 4-tetra-
1 
l phe yl;..2-tetrazene with the Grignard reag:ent prepared from 
2-iJdonaphthaJ.ene. The ratio of Grignard reagent required 
to of tetrazene taken was found to be 0.94. 
i 
i 
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' 
a. Stoichiometr,ic Relationship 
of Nitrogen 1Evolved 
I . 
The stoichiometry of the reaction with respect to the 
I . 
n1t]ogen produced apon hydrolysis was determined by measure-
men!' of the volume of evolved gas. The apparatus consisted 
of ~ 250-ml. round-bottomed flask to which there had been 
sea~ed a side arm closed by a rubber serum-bottle cap. A ·oneT~Jlole rubber stopper, which fitted the neck of the flask, 
,/ ' 
car ied a short piece of glass tubing to which there was con-
i 
neclied a section of gum-rlilbber tubing which led the evolved 
gas r!1nto a glass U-tube. The U-tube was cooled in a Dry 
Ice-\fa.cetone bath and served as a trap for the ether v8.por 
whilh would otherwise have appeared in the gas sample col-
lec~ed. The other arm of the U-tube was connected,to the 
I 
top of a gas burette by means of a gtUl1 rubber tube approx-
ima ,ely three feet long and the bottom of the burette was 
:I 
co 'ected to a leveling bulb by means of a section of 
II . 
rub :er tubing. 
i[ Analyses were conducted by plaeing a weighed sample 
of \he appropriate tetrazene in the flask and adding enough 
I 
die hyl ether to completely di.ssolve it. The apparatus was 
i\ . . 
thefj assembled and allowed to remain lillldisturbed until it had 
comJ. to thermal equilibrium. It was found, in a few prelim-
[' . 
in ·
1
Y experiments, that more reprodl!l.cible results were ob-
tai 1ed by S'llbmerging the flask up to its neck in an ice bath .. 
The required quantity, approximately a four-fold molar excess, 
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o~ ~he Grignard reagent was then added to the flask by injec-1 . 
tio 
1 
with a syringe and needle through the serum-bottle clos-
1 
ure J The ~lask was swirled gently to ins~re thorough mixing 
:I 
and ;then the apparatus was allowed to remain u.ndisturbed to 
. I 
all ~ the reaction ~o occ~, normally a period o~ at least 
After the elapse o~ su~ficient time for the reaction 
to .e complete, the amount o~ air in the gas burette was 
Hydrolysis o~ the reaction mixture was accomplished 
I by t~e addition, by means of a syringe, o~ 5.0 ml. o~ dil~te 
I 
I 
acetic acid. The acid was added slowly to avoid excessive 
:\ 
heat ng and vaporization of ether by 'fihe exothermic reaction. 
'I A~te being allowed to come to equilibrium thermally and after 
I 
I 
the apse of s~fficient time so that it could be assumed that 
I 
the as in the burette had become saturated. With water vapor, 
the uantity o~ gas in the burette was again read and the 
I ::o:i:t:~t::: ::o~::dv::~:e0:e:::1::1::::::ep:::.:~;:::t:~. 
~igur~\ e .. 
\ Two determinations of the nitrogen evolved by the re-
acti: n o~ ethylmagnesi'Wil iodide with each o~ the three tetra-
l:j . 
.zeneb used (1,4--dimethyl-1,4-diphenyl-2-tetrazene, 1,4-di-
11 ~ . 
meth 1-l, 4-dicarbetho.xy-2-tetra.zene and 1, l, 4, 4-tetraphenyl-
-2-t 1trazene) were made. The data and results are preseniied 
I 
in T ble II. 
I 
I 
Comiound DMDPT
1 
wei iht Qf 
_S,ple (g.) 0.500 
samJle 
( m~llimo le) 2 .. 08 
[:: 
Volume of 
Ga I (ml.) 48.1 
i 
Tem ·,)erature 22.4 
763.4 
20.3 
38.9 
. i Nit ogen (m~f-limol.es) 
Ratil . 
1.73 
0.83 
TABLE 
DMDPT1 
0.500 
2.08 
59.2 
23.1 
762.J.. 
21.1 
'48.9 
2.18 
1.05 
II 
.DMDCT2 DMDCT2 
0.500 0.500 
2.15 2.15 
51.6 60.4 
24.6 23."8 
753.8 756.7 
23.2 22.1 
41.1 49.·3 
1.84 
0.86 
2.20 
1.02 
:l 1 1,4-dimethyl-1,4-diphenyl-2-tetrazene 
TPT3 
0.800 
2.20 
75.5 
23.5 
749.8 
21.7 
62.2 
2.78 
1.27 
! 
.I 
I 
21,4-dimethyl-1,4-dicarbethoxy-2-tetrazene 
i 31,1,4,4-tetraphenyl-2~tetrazene 
73 
TPT3 
0.800 
2.20 ' 
50.9 
26.4 
755.3 
25.8 
40.2 
1.79 
0.81 
The calculations will be illustrated by considering 
" . ' the .irst example from ~able II. From the vol~e of gas 
liberated (48.1 ml.) there was subtracted the volume of acetie 
acidlused in the hydrolysis since this displaced some of the 
gas ·n the apparatus. The corrected volume (43.1 ml.) was 
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con erted to the volume at standard conditions through use 
il 
of ·he absolute temperature (295.5° K.) and the pressRre of 
the n1t'rogen which was the atmospheric press'\!lre minus the 
vap :r pressure of water. at the experimental temperature 
(7j.l mm.). The volwne of nitrogen at standard conditions 
was found to be 38.9 mlo The number of moles of nitrogen 
. :1 ( o. 'pl73) was found by dividing this volume by the gram-mo-
iec .~ar vol1llrrle. Finally the ratio I. which is the. nl!UD.ber 
of 
of 
..,. 
_s 
bles of nitrogen liberated divided by the number of moles 
.etrazene used, was found by d1 vision. 
I 
:1 The results of the six trials may be averaged and it 
i 
6und that the average ratio of moles of nitrogen liber-
' I 
ate ~to tetrazene taken is 0.97. 
3. Composition of the Intermediate 
Compound in the Rea~tion Betwe.en 
Ethylmagnesium Iodide and_ 1, 4;-dimethyl-
-1,4-diphenyl-2-:-tetrazene 
In order to obtain additional information ~oncerning 
i • 
the ature of the reaction, attempts were made to obtain the 
,I inte ediate, if any, since this would tl1row further light on 
I 
il . the stoichiometry of the reaction. Since there was no insol-
uble:lmaterial formed at any time during the reaction of any 
of t' pairs of Grignard reagents and tetrazenes investigated, 
an a tempt .was made to obtain the intermediate by precipita-
tion with the aid of various materials. Solutions of 2.0 
of 1, 4-dimethyl--l, 4-di_phenyl-2-tetrazene and a fourfold 
exce s of ethylmagnesium iodide were treated with benzene, 
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lig fin, dioxane and diphenyl ether. The only solid which 
sep ' ated from any of these mixtures, even after cooling in 
I 
I 
a D .'Y Ice-a.~;etone bath, was a small quantity of magnesium 
! 
io- de.from the solution which was treated with dioxane. 
Onl,~ about two-thirds of the magnes~um known to be present 
by fl~ earlier analysis of the stock Grigna.rd reagent was 
preJipi tated. 
II . 
: An attempt to isolame an intermediate was made by con-
cenj:ration of a solution of 2.0 grams of the 1,4-dirn.ethyl-1,4-
-d.i henyl-2-tetrazene and a fourfold excess of ethylmagnesittm 
io 
of 
of 
in 100 ml. of diethyi ether to approximately one-half 
original volume. This was accomplished by distillation 
solvent from the solution on the steam bath. It was 
n from ea.rl~er observations that this would lead to a 
was nearly saturated with respect to the 
azene. 
I 
' 
Since no product separated when the resulting sol~tion 
had ,!\'cooled to room temperature the material was stored in the 
fre zing compartment of a refrigerator. Inspection after 
thr 'e days revealed the presence of large· (approximately 2 mm. i . 
by 
1 
mm.) colorless, transparent crystals. These readily dis-
:j . . 
' -
sol ed when the temperature approached room temperature and so 
removed by filtration on a pre-.cooled Buchner f1ll.nnel. 
The 1crystals charred upon contact w.1.th air for a "few seeonds 
so ~he experiment was repeated using 10.0 grams of the tetra-
zen~ and a corresponding fourfold excess of ethylmagnesium 
?6 
iod 'de. The crystalline solid was recovered by filtration 
und 'r a nitrogen atmosphere in a dry-box. After being rinsed 
I . 
wit 1 a small quanti t~ of cold diethyl ether· the crystals were 
tra 
11
s:ferred to a weighing bottle and the ether removed by 
age of a slow stream of nitrogen through the bottle at 
'temperature. To avoid reaction with imparities, chem-
ic · ly pure nitrogen i"rom a cylinder was passed through 
ine pyrogallol then through concentrated sulfuric acid 
owed by a tabe packed with absorbent cotton, one :filled 
·!magnesium perchlorate and :finally through another tube , 
ed with cotton. 
After twenty-four hours the solid was a greyish white 
ery material. Exposure of a small quantity of this solid 
atmosphere resu.lted in development of a dark color 
n twenty minutes and marked decomposition within an hour. 
~~-- The sol.id was analyzed for carbon and hya.rogen by the 
oust': mary semi-micro combustion. Duplicate analyses were made 
he results are presented in Table III. 
Nitrogen was determined by the Dumas method as des-
l d. by Niederl and Niederl • The results of duplicate 
i . 
determinations are also included in Table III .. 
ll 
1. lJ. B .. Niederl and v. Niederl, 11 Micromethods of Q.uan itative Organic Analysis," JohnWiley'& Sons, Inc., New ork, 1948, p. 79. . . 
i 
TABLE III 
:I il Composition of tlie Intermediate Compound 
n the Reaction Between.Ethylmagnesium Iodide and 
I l,4-Dimethy;L,-l,4-d.iphenyl-2-:-tetraz~ne 
! 
Elfment 
Carbon 
Hyfrogen 
N1 regen 
Trial 1. 
50 .. 53% 
7.08% 
9.74,% 
4.19% 
22.11.,% 
6.35% 
lDetermined by difference. 
T!'ial 
5Q.4?% 
?.17% 
9.73% 
4.25% 
22.14% 
6.29,% 
2 Average 
50.48% 
7.14,% 
9.74% 
4.22% 
22.13% 
6.32% 
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Analysis of the solid for magnesium was made by di-
ion with concentrated nitric acid until the solution 
was'colorless, neutralizat1on with magnesium-free ammonium 
hy ',!oxide and precipitation of magnesium ammonium phosphate 
;/ . 
.fol.
1 
owed by· ignition of this material to the pyrophosphate 
~ l 
in ·he usual manner1 . The results of this a.naly:sis ·are 
I 
I 
inc uded in Table III. 
[/ Determination· of the iodine eontent of the solid was 
i 
madr by·preeipitation of Silver iodide and gravimetric deter-
1H~ H. Willard and N. H. Furman, "Element a:ry Quanti-
tat ve Analysis, ll D. van Nost~an4. Company; Inc., New York, 
194 ' p. 332. . 
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\ 
min~.tion of t~s·material. 
.JI . It was necessary to add a trace 
of ydrazine hydrate to the solution before addi"tiion of 
! 
sil nitrate in order to reduce a small amount of free 
reaction of the solid with water, to the 
Enough concentrated nitric acid was added to 
dissolve all solid material. Silver nitrate was 
to precipitate the iodide. Excess hydrazine was 
avo ed insofar as possible and is believed not to have 
I 
I 
int 'fered with the analysis since the silver iodide formed 
I -
was 
1 
he characteristic pale yellow color. The results of 
thislj analysis are also incorporated in Table III .. 
Calc'l!llation of the form1ltla from these data with the 
ass the material not otherwise accounted for is 
oxy 
1
rn leads to 024• 15~40 • 65N3 • 99Mg~02 .. 26 which corresponds 
~o ·.e. :formuLa Ci6~1N4Mgi" G8 .. 15H19 • 63o2 ., 26• This corresponds. 
ver 1 closely to.the formuia·c16H2iN4Mgi•Ca.4H21o2.1 which may 
il . . . . . . . 
be jore intelligibly represented by the formula 
d 
·j ~6 '2lN4Mgi" 2.1( CzH5 )20• . 
li Calcllla.t8d foi- G24; 4H41N4Mgio2 •1 ; 51>.85% C; 7 •. 35% H; 
9.7 ~ N; 4.22% Mg; 22.03% I'. 
Found: 50.48% C; '7.i4% H; 9.74% N; 4.22% Mg; 22.13% I. 
4. Spec~rophotometrie Investigations 
a. Fate of the Organic Portion 
~f the Grignard Reagent 
The fate of the organic portion of the Grignard re-
ageft was determined by analysis of the ethereal solution 
obthned by distillation· of the reacti.on mixture after hy-
1 
~o1ysis. The distillation was carried out on a steam bath 
andl:only one liquid phase was found in the distillate; no 
appfeciable amount of water was carried over under these con-
ditions. 
The benzene produced from phenylmagnesium iodide was 
determined spectrophotometrieally b.1 taking advantage of its 
' 
str 'ng absorption in the ultraviolet region a..Tld the fact that 
die hyl ether is nearly transparent in this same region. The 
energy transmitted by a series of samples of known composi~ion 
of ienzene in diethyl ether was determined at 260 millimicrons 
by the use of a Beckmann Model DU spectrophotometer and quartz 
cel~s. A graph of the percentage of light transmitted as a 
fun~tion of the benzene concentration is presented in Figure 
III iland 1 t will be noted that the plot using the log of the 
iig 't transmitted is linear. 
A blank determination on 50 ml. of the stock solution 
of henylmagnesium iodide was made by diluting this material 
wit· 50 ml. o'f dietbyl ether, hydrolysis of the solution 
wit dilute hydrochloric acid (25 ml. of the 6 N reagent) 
and distillation of this material from the steam bath. A 
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10 1. aliquot of the distillate, which had previously been 
ma~~ up to 100 ml, 
liJer with diethyl 
in a volumetric flask, was diluted to one 
ether. Determination of the transmission 
of ultraviolet light by this solution showed that it contained 
o. benzene per 100 ml. and that, therefore, the 
or 'ginal 100-ml. sample, which was one hundred times as oon-
ce trated contained 4.12 grams of benzene. A duplicate of 
i 
th s analysis gave the same value. 
A sample of l, 1, 4, 4-t etraphenyl-2-tetrazene weighing 3.l ... :4 grams (0.010 mole)_ was dissolved in 50 ml. of diethyl 
et ·er and a 50-ml. portion of the phenylmagnesiu.m iodide 
i 
rergent was added. After four hours the solution was hydro-
lyzed with 25 ml. of 6 N hydrochloric acid and treated in the 
mabner which has been described for the blanks. This sample 
wak found to furnish 3.98 grams of benzene. 
Analyses were also run on 0.010-mole samples of 
I 
1, -dimethyl-1,4-diphenyl-2-tetrazene and 1,4-dimethyl-1,4-
-d, carbethoxy-2-tetrazene in the se.me manner. These two de-
tel inations gave 3.84 grams of benzene and 4.09 grams of 
zene respectively. 
Careful fractionation of the ethereal distillates and 
analysis of the enriched benzene solution~; frpm experiments 
ot erwise the same as described above, on a gas chromatograph 
ve results which were essentially the same as the speotro-
p otometric determination£. The blank was found to contain 
4. 23 grams of benzene and. the results on three samples of 
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I 
a :borption peak after the reaction had occurred, an experi-
ij 
me'nt was run in which the decrease in the absorption at 270 
1 
m ~limicrons was determined. Difficulty was encountered due 
toil the rise in temperature of ·the sample in the cell and con-
s quent vaporization of the ether solvent. The cell was re-
i 
f ~led with anhydrous ether BVery five minutes to keep the 
co'hcentration as constant as possible but there was some ,, 
v iation and the results of this .experiment, which are pre-
s ·:ted in Figure II are only qualitatively corl"ect. 
I 
I 
D. Reduction with Unipositive Magnesium 
·A solution of 50.4 grams (0.2 mole) of iodine was 
p epared in 50 ml. of benzene and 50 ml .. of. diethyl ether in 
a 250 ml. flask which was fitted with a reflux condenser. 
M gnesium ribbon was added in coils of about one fooii lengths. 
Before use the magnesium was cleaned with steel wool. The 
r te of the reaction .was controlled by the rate of addition 
' i 
o ; magnesium so that a gentle refluxing was maintained at all 
t When the reaction appeared. to cease the solution was 
gently with fresh magnesium. The resulting solution 
col.orless. 
This solution was decanted from 'U.nreacted metal and 
p aced in a 125 ml. glass-stoppered flask with Oa25 gram of 
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addition of 25 ml. of dry diethyl ether and a piece of mag-
nJ/sium ribbon, which had been freed of its oxide coating by . 
prJh.ishing with steel wool, was added. There was a slow b>tt 
i · ediate evolution of gas :t:rom the surface of the metal and 
tJe solution developed a dark brown color. After being allowed 
t : remain undisturbed for about an hour the solution became. 
c :lor less. The solution was allowed to remain undisturbed 
f r an additional two days, at which time the magnesium had 
; 
1 rgely dissolved and the evolutio.n of gas had ceased. This 
s :lution was filtered and a portio,n of the filtrate was shaken 
th water to w~ich a small amount of ~cetic acid had been 
a ded to dissolve the magnesium hydroxide formed. No free 
id~ne was produced. . 
It was not;tced that when the solution was filtered it 
b very dark in color. A portion of this dark material 
w returned to the flask and allowed to remain in contact 
w th metallic magnesium for several hours. After a period of 
t p to three hours the solution hap. become colorless but upon 
; 
shaken with air it again beeame a deep grey-black. 
A repetition of the experiment with new materials was 
c . ried out using the same quantit.ies of reactants. Samples 
o this material were removed periodically and checked for 
t e formation of free iodine upon hydrolysis. It was found 
tJat the first sample, taken, after about ten minutes had 
84 
e· apsed, liberated a small quantity of iodine. Successive 
I 
s :plea at intervals of approximately one hour were found to 
I 
I 
1 :perate iodine over a period of' ten hours. A sample taken 
t E:mty-folU' hours after mixing did not liberate any of the 
f ee halogen. In all experiments the amount of iodine pro-
ced was too small for reliable determinations using the 
sodium thiosTillfate on hand; less than one ml. of 
The reaction between organomagnesium iodides and 
t/ .. 
se eral representative 2-tetrazenes has been investigated 
found to be unique in that free halogen is produced dur-
hydrolysis of the product. 
The reaction may be represented as follows: 
TABLE IV 
Compounds Employed in.this Investigation 
Rl ~ ~ 
Methyl Carbethoxy Ethyl 
Methyl. Carbethoxy Phenyl 
Ethyl Carbethoxy Ethyl 
Methyl Phenyl Ethyl 
Methyl Phenyl Phenyl 
Methyl Phenyl 2-Naphthyl 
Phenyl. Phenyl Ethyl 
Phenyl Phenyl Phenyl 
stoichiometry of the r-eaction was determined by taking 
tetrazene and allowing these to react 
85 
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w th an excess of Grignard reagent:. This excess was deter-
\ . . . . ; 
mifed by carbonation of the reactibn mixture and isolation 
0 i the acid formed. The quantity of amine formed was deter-
mi. ed by isolation of this produtct and the amount of hyclro-
c bon produced from the Grignard reagent was determined 
spectrophotometrically. The nitrogen evolved during hydroly-
was collected and measured and the iodine liberated was 
de. ermined by addition of excess thiosulfate and back titra-
with standard iodine solution. 
Although the structure of the intermediate was not 
de.ermined, it was found that for the reaction of ethylmag-
ne,ium iodide with 1,4-dimethyl-1,4-diphenyl-2-tetrazene an 
intermediate having the formala OtpHz1N4 Mgi·2.l(CzH5 )2o 
co. d be isolated. This compound was clearly formed by the 
ction of one mole.of the Grignard reagent with one mole of 
tetrazene. The ether present is assumed to be ether of 
The reduction of 2-tetrazenes by magnesi~-magnesiam 
was investigated and was found to give the amine and 
rogen as products. This is consistent with the known 
uction of azo compounds by this coaple and decomposition 
tetrazane formed by hydrolysis of the resulting com-
This reaction may be formlll.lated as follows: 
: H, :~>AI-111=¥-.N(R~ +-~ r/>{!I.:1.. :tOI# ... tJ 
_....,.;> Ol :~>AI II t-~ t t- #g I -:t.. .r /V,j (tJ//).,._ 
II 
I. 
Possible mechanisms consistent with the data devel-
ope in this investigation for the Grignard reaction and 
!tor reduction by magnesium-magnesium iodide are pre-
sen ed in the discussion. 
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I 
I 
Absorption SpeGtra o~ 2-Tetrazenes 
There is very little information in the chemical lit-
eEture concerning the absorption spectra of molecules con-
t ning the tetrazen~ likage. In 1935, Uemura and Inamura 
p blished an article in which they reported the absorption 
sj·ectra of a number of azo compounds and of 1,4-dimethyl-
-1, 4-d.iphenyl-2-tetrazene. GrammaticakigZ published the 
sorption curves o~ a .n1!ll1lber o~ 2-tetrazenes between 600 
d 1300 cm-1 in 1947. A third ref.erence bearing on this 
s·pject is the publication by Pierson, Fletcher and Gantz 
19563· This latter reference gives the absorption curve 
tetrazenes in the range 600 to 5000 cm-1 . No 
references bearing directly on this subject were 
d although the related cyclic tetrazoles have been in-
stigated and fairly complete data for these compounds are 
iab1e4 . 
~ 1 T. U emur a and Y. Inanmra, Bllll.J.. Chem. Soc. , Japan, 
l 
10;P~6:r~::~:akis,.ComEt• rend., 225, 245 (1947). 
3R. H. Pierson, A. N. Fletcher and E. Gantz, Anal. 
Ch m., 28, 1218 (1956). 
I 4E. Lieber, D. R. Levering and L. J. Patterson, Anal. 
Ch~m., 23, ~594 (195.1). 
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X ABSTRACT 
Part A 
N-Nitrocarbamates, N-nitrosocarbamates, primary nitra-
mi es, the salts of pr~mary ni_:tramines and ni tramides are all 
ucible to the hydrazine-type product in suitable solvents 
by hydrogen and noble metal catalysts. The yields are vari-
ab· e and not reproducible under any conditions investigated. 
Thl. major side reaction is the formation of the carbamate, 
am.Jne or amide with ammonia being split off. Secondary nitra-
mi and secondary nitrosoamines are cleaved nearly quanti-
under these same condi tiona. Optimwn yields are 
ob when the temperature is maintained within leP of 50° 
C. At temperat'UI.res much higher than this, cleavage of the 
ni regen-nitrogen bond is the predominant reaction. The re-
du are not reproducible; a given substrate may be re-
du the hydraz::tne-type compound in high yield at one 
ti either not be reduced at all or undergo cleavage 
wh an attempt is made to repeat the experiment. 
PartE 
The reaction between organomagnesium iodides and sever-
al . epresentative 2-tetrazenes has been investigated and found 
to e uniqu.e in that free halogen is produced during hydrolysis 
of he product. 
The reaction may be represented ~s ~ollows: 
R'>N-AI=Iv'-AI<R' r 02 f?.JNQI f ~/l,;tb 
R~ if;. " 
--?-~ ~ :~)AI H -1- ~ 1' t- ~ lfJ II t-.r.,_ r-Mg (~ H),;1... 
stoichiometry of the reaction was determined by taking 
tetrazene and allowing these to react 
wi h an excess of the Grign~rd reagent. This excess was 
carbonation of the reaction.mixture and iso-
ion of the acid ~ormed. The quantity o~ amine produced 
determined by isolation of this product and the amount 
of hydrocarbon produced from the Grignard reagent was de-
te, ined spectrophotometrically. The nitrogen evolved 
du ing hydrolysis 0~ the reaction mixture was collected and 
me sured and the iodine liberated was determined by titration 
wi h excess thiosulfate and back titration with standard 
iodine solution. 
Although the structure o~ the intermediate was not 
a termined, it was found that for the reaction of ethylmag-
n ~slum iodide with 1,4-dimethyl-11 4-diphenyl-2-tetrazene an 
i termediate having the formu2a c16H21N4Mgi•2.l(C2H5 )zO 
isolated. This compound was clearly formed by the 
reaction of one mole of the Grignard reagent with one mole 
o~ the tetrazene. The ether present is assumed to be ether o~ solvation. 
The reduction of 2-tetrazen~s by magnesium-magnesium 
i fide was investigated and was found to give the amine and 
n trogen as prod1.1cts. This is consistent with the known 
r1duct1on of azo compouitds by this couple and deeompos1t1on 
o the tetrazane formed by hydrblysis of the resulting com-
p This reaction may be formulated as follows: 
1 this investigation for the Grignard reaction and for the 
by magnesi~magnesi'Wll iodide are presented. 
' 
' I 
I 
AUTOBIOGRAPHY 
Tl:le autl:lor, Ricl:lard 
Maurice Briggs, was born in 
Auburn, Maine~ April 13, 1927, 
the son of Beatrice w. and 
Maurice A. Briggs. He attended 
grade school, Junior Higl:l School 
and High School in Auburn, gradu-
ating from Edward Little High 
School in June, 1945. In the 
Fall'of 1945 he matriculated at 
Bates College and received the 
B. S. degree (cum laude) in 
June, 1949. He entered Boston University in 
Fall of 1950 and received the A.M. degree in 1952. From 
tember 1 1952 through August, 1955 he was a Teaching Fellow 
at ,Boston University and a student for tl:le PhD .• degree. Dur-
, 
the academic year 1955-1956 he held a half-time instruct-
' in the General Science Department of the Boston Uni-
Education. In the Fall of 1956 
ecame an Instructor in the Chemistry Department of Bates 
ge where he was promoted to the rank of Assistant Pro-
of Chemistry in June, 1959, .a position whiCh he holds 
present time. 
He has· one publication, "Polarographic Determination 
Nitrate, 11 Analytical Chemistry, 25, 965 (1953) With 
Walter A. Lawrance. 
At Boston University he was elected a member of 
igma Xi. 
·-
